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A b st r a c t
Currently businesses are not reporting environmental information in a clear, consistent, 
comparable and transparent manner masse’". Supplementary government data are not 
available and current estimation methods do not enable efficient generation of 
environmental data (emissions and water use data) for many or all businesses in a given 
area. Without such estimates or methods for estimation, it is difficult to identify or 
attribute environmental impacts to individual business and encourage businesses to 
acknowledge and reduce these impacts. Generation of such emissions and water use 
estimates for groups of businesses can also have wider uses such as in the assessment of the 
technical and economic feasibility of waste management schemes. To be conducted 
effectively, this requires detailed and disaggregated estimates of relevant wastes for all 
businesses in an area.
To deal with these problems and gaps, this study generates a new framework model capable 
of estimating the direct and indirect GHG emissions, C&I waste, food waste and water use 
for individual businesses of a specific sector, or all businesses of a specific sector within a 
defined area. A chapter is devoted to formal documentation of the framework and data; a 
second presents methods for testing the framework. To illustrate the framework, the PhD 
presents a case study for hospitality and food retail businesses in Southampton using best 
estimates. Key to the development of the model is to assess the reliability of estimates. 
Three chapters are devoted to this. This allows an indication of reliability and robustness of 
the estimates of this PhD. Best estimates for GHGs applied a new approach that resulted in 
a 126 sector model which is unique to this UK study. The final chapter identifies key 
findings and added value of the work and draws conclusions for the dissertation.
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C h a p t e r  1: I n t r o d u c t i o n  
1.1 Introduction
This thesis proposes an efficient and transparent estimation framework to produce 
complete and comparable GHG emissions, waste and water use (emissions and water 
use) estimates for individual and all businesses in an area. Outputs of emissions and 
water use estimates can be used by both policy makers and business to provide 
estimates for missing environmental information. To enable the development of these 
estimates that otherwise would not exist, the framework uses innovative methods in 
conjunction with a range of datasets.
To present estimates achieved from the framework a case study application is 
conducted for Hospitality and Food retail businesses in Southampton. Value to 
businesses, government and non government is demonstrated. It is important that 
businesses and government understand the level of robustness and confidence in 
estimation. For this reason sensitivities and uncertainties and testing assumptions o f the 
estimation framework are presented towards the latter part of the thesis and literature 
that helps inform on uncertainties is incorporated where appropriate.
In this first chapter we start by briefly giving background as to broadly why the 
emissions and water use estimation framework is required (1.2 and 1.3) and the aims 
and uses of the project (1.4). In the latter section, the framework is presented and 
recognition of previous work is acknowledged. Section 1.5 identifies business, 
government and NGOs demand for such a framework. Section 1.6 gives the thesis 
outline. This paves the way for a detailed literature review in Chapter 2 from which 
research questions and methods are developed in Chapter 3, remaining chapters follow.
1.2 UK emissions and water use targets
The UK has set itself national level targets for the reduction of greenhouse gas (GHG^) 
emissions and commercial and industrial (C&I) waste. The UK Climate Change Act 
2008 sets a legally binding target for reducing GHG emissions by at least 80% by 2050,
 ^ The basket o f GHGs included in this study are: CO2 CH4 N 2O RFC PPG SF&
and it has a CO2 reduction target of at least 26% by 2020 from a 1990 baseline^ (CCC
2008). For waste the UK aimed to reduce landfill of C&I waste in England by at least 
20% by 2010, using 2004 as the baseline year (Defra 2007)^. For water, a range of 
sector level targets exist. For example, the food industry has a target for overall water 
reduction of 20% on a 2007 baseline, to be achieved by 2020 (Defra 2006): The 
government estate itself has a target to reduce water consumption by 25% on the office 
and non-office estate by 2020, using 2004/2005 as a baseline (Defra 2008c).
Achieving these targets requires action and progress at the local level, as all 
implementation is local. Forum for the Future state that an understanding of the 
contribution that a company (and its sector) is making towards achieving GHG 
reduction/stabilization targets (both local, national and global) is essential for leadership 
on climate change (Forum for the Future 2009). They claim that many companies have 
GHG reduction strategies and targets, but only a small number have aligned their targets 
with the wider targets such as 60-90% reductions in GHGs from 1990 levels.
1.3 The need for emissions and water use estimates at the local level
The literature review for this study showed that businesses on their own are often not 
reporting in the required manner, let alone referencing wider targets as suggested by 
Forum for the Future (2009). Even for GHGs, the Carbon Trust (2010) found that of 
the 200 UK finance heads they interviewed (each company with more than 500 
employees, from six different sectors) almost half do not have a clear corporate target 
for CO2 reduction and 16% did not know if  their company has a target or not. With 
regards to actual reporting, 74% of interviewees admitted that their business does not 
measure its carbon footprint. From a review in 2009, the Environment Agency found 
that 99% of FTSE listed companies report environmental disclosures in some form. 
With regards to quantitative reporting, 67% of FTSE listed companies produced such 
disclosures for one of three performance indicators: energy use; climate change, waste 
and water use. Of these companies 62% percent provide information relevant to energy
 ^A  range o f  other sector specific targets have been set for carbon dioxide emissions reductions under climate change agreements. 
Also the Waste Strategy (2007) sets out the following target:
To achieve a 15% reduction in waste disposal between 2006 and 2011 for industries covered by pollution prevention and control 
regulations, this has been set by the Environment Agency. Targets are also set within producer responsibility agreements but mainly 
relate to packaging. Some other sector specific target exist such as those developed in the Food and dink industry Sustainability 
Strategy, for reducing the food manufacturing industry’s own wastes by 15-20% by 2010.
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use and climate change in some form, 41% for waste and 25% for water (Environment 
Agency 2010). Often quantitative reporting although provided, is not in a consistent 
comparable and transparent form, this is demonstrated with examples in chapter 2. The 
FTSE listed companies surveyed tend to be larger companies and are under higher 
scrutiny as these companies are subject to pressures from investors. Uptake and 
engagement of environmental reporting for smaller businesses is lower (European 
Commission 2010)"^.
From this one can conclude that there is a quantitative environmental reporting gap: too 
few businesses report quantitative estimates of their GHGs and particularly waste and 
water use accounts. In this thesis this is termed the environmental reporting gap. 
Without quantitative estimates of environmental footprints it is difficult to understand 
the scale of effect that businesses are having in terms of their own production e.g. on 
site emissions production and water use, or the effect that their business has on the 
emissions and water use of other industries through environmental impacts embodied in 
their supply chain. More evidence on environmental reporting in the UK, including 
individual case specific examples are provided in Chapter 2.
If businesses do not report their emissions, it is difficult for society and government to 
assess their contribution to national emissions and water use targets. It can also be 
important for businesses themselves as they can face current and future pressures from 
suppliers as well as customers. If  they do not monitor and report their emissions and 
water use, they are less likely to foresee opportunities for resource efficiency which can 
in some cases have significant financial benefit to themselves and the local economy. 
Review beyond businesses’ own reporting reveals that detailed, disaggregated 
government and non-government datasets on direct^ GHG emissions, wastes and water 
use do not exist to fill the gaps, particularly for small medium sized enterprises (SMEs). 
Current studies capable of producing indirect GHG emissions, wastes and water use 
estimates also encounter similar problems with regards to disaggregation. Also, none 
of the current methods for estimating indirect emissions have the ability to estimate 
indirect GHG emissions, wastes and water use for large numbers of businesses in detail.
Collinsa et al (2007) found in New Zealand that larger firms tend to be more actively involved in sustainability, they also found 
evidence to suggest that SMEs could do more in respect to environmental practices.
 ^ Definitions o f  direct and indireet are provided on the next page.
without use o f excessive resources. Yet there is a need to know what the indirect 
emissions of a business are, as sustainability cannot be assessed at the company level 
(with just direct emission) due to the type and number of processes occurring within 
companies differing (Gerbens-Leenes et al 2003).
In the future businesses in the UK may be mandated to report on direct GHG emissions, 
wastes and water use, particularly GHG emissions^. For some businesses reporting is 
already mandatory (such as those regulated by Integrated Pollution Prevention and 
Control), but they tend to be larger businesses in selected industries. The Carbon 
Reduction Commitment (CRC Energy Efficiency Scheme) requires qualifying 
businesses to report their GHGs. The scheme is mandatory, covering all organisations 
that consume over 6000MWh of electricity per year^ (Carbon Trust 2009). Near future 
mandatory reporting on a wide range of emissions and resource uses and for small 
businesses is however no certainty. Furthermore, even if  businesses do report their own 
GHG emissions, this does not necessarily mean action towards GHG emissions 
reduction will occur. In motivating behavioural change it is important that businesses 
are aware of their environmental impacts (and the affects they cause) and also that they 
see others around them matching their efforts, acting in a similar way (Defra 2007a)^.
1.4 Aim and uses of the project
The aim of this PhD is to generate a framework capable of estimating the direct and 
indirect GHG emissions, C&I waste, food waste and water use estimates for individual 
businesses of a specific sector, or all businesses of a specified sector within a defined 
geographic area. The framework has been developed so that the physical estimates can
By the 6th April 2012, The Climate Change Act requires government to use powers under the Companies Act to mandate 
reporting, or explain to Parliament why it has not done so. It appears that this will just be for greenhouse gas emissions, and there is 
no certainty whether this will be done (DECC 2011).
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The scheme aims to incentivise and improve energy efficiency and cut emissions in large public and private sector organisations 
through use o f  a range o f reputational, behavioral and financial drivers which aim to encourage organisations to develop energy 
management strategies (DECC 201F). Examples include, use o f  league tables for energy efficiency performance. Some say that 
recent simplifications to the scheme mean that it operates more like a tax than the original emissions trading scheme.
The Climate Change Strategic Framework (2007) states that: “Individuals and businesses often fail to act because they lack 
information and feedback on how their behaviour incurs energy costs and how simple changes can reduce them; and citizens and 
businesses may be put off changing their behaviour if  they do not believe there is a shared willingness to act, cannot see any role 
models and feel their contribution will not be matched by others.” (Defra 2007a).
Defra (2007a) also state that over the next six months, they will be introducing a variety o f  changes, however the changes suggested 
seem quite limited. Only a limited amount o f  reference is made to small and medium sized business, reference is mainly made to 
government and corporate business. Types o f  changes that are suggested are helping and enabling business to help consumers offset 
their emissions as a default option and the government sector to lead by example for businesses. Government are also setting up a 
number o f  voluntary agreements with industry to reduce environmental damage. A  number o f  large companies are said to be 
promoting change through a proposed ‘W e’re in this together’ campaign.
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be generated to a very detailed geographical level (e.g. postcode) quickly and 
efficiently. From these estimates pilot targets are generated for business. In this study 
direct emissions and water use are the emissions and water use that occur from 
processes owned, operated or controlled by a business of concern. Indirect emissions 
and water use are defined as those emissions and water use associated with processes 
that occur in the life cycle of a product prior to the processes owned, operated or 
controlled by the business of concern. The indirect definition corresponds with the 
upstream GHG emissions definition by British Standards Institution, Publicly Available 
Specification 2050 (BSI 2008). Electricity is classified as direct in this study, defining 
in terms of scopes (following Defra 2009) our definition of direct includes scopes 1 and 
2 GHGs, and indirect is scope 3 GHGs. Appendix 1.1 provides a review of how direct 
and indirect emissions and water use are classified (and scope definitions) and reasoning 
for the chosen definitions used in this study.
For the project, a case study o f hospitality and food retail businesses in Southampton 
was chosen, due to the high population and contribution of SMEs to the Hospitality and 
specialised Food retail sub sectors, as well as the relatively high environmental impacts 
of both hospitality and food retail businesses. Southampton was chosen due to the 
city’s early links with the current project.
There is potential for local government and non government organisations to access 
these estimates to inform and help business realise the importance of reporting and 
resource efficiency opportunities, but also to exert pressure to prompt business into 
action to recognise their obligation to act on their share of national targets. Often 
businesses do not have GHG emissions, wastes and water use accounts, or at least 
complete and comparable accounts, as their resources and time are constrained. 
Likewise, government cannot easily monitor every business without excessive use o f 
resources. The framework developed by this study known as the Commercial Local 
Area Resource and Emissions (CLARE) model. The CLARE model is able to bridge 
the gap in resources and time and enable efficient estimation of complete and 
comparable GHG emissions, wastes and water use estimates that can be used as a set o f 
accounts (for certain uses as described in this chapter) for all businesses o f a specified 
sector in a defined area.
The outputs from CLARE do not on their own directly amend the environmental 
reporting gap, but could help government, non government and all businesses of a 
specified sector within a defined area identify businesses’ specific share of national and 
sector level targets and prompt obligations and action specific to each business. This 
makes it clear to businesses that they will not be acting alone. Beyond engaging action 
of business, government requires detailed disaggregated data and estimates of GHG 
emissions, wastes and water use by businesses in an area (particularly waste) in order to 
plan waste infrastructure investment for businesses most efficiently (Bradley et al
2009). Outputs from CLARE will produce these detailed estimates which could be used 
in conjunction with other information for the technological and economic assessment of 
waste collection schemes (e.g. for key food waste sectors) as the Defra Waste Resource 
Evidence Strategy 2007-2011 suggest is conducted (Defra 2007b). Such opportunities 
for resource efficiency can be beyond opportunities foreseen by individual businesses. 
There is also a range of other government and business needs and demands that could 
be similarly addressed and these are discussed towards the end of the section and linked 
to uses described for estimates produced by CLARE as seen in Figures 1.1 and 1.2^.
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It is important to note that from the uses o f  emissions and water use estimates described in the diagrams, the current study does 
not directly provide business emissions and water use reports to reduce the environmental gap identified. Such reports have to 
come from business themselves or they must at least have involvement.
E d u ca tes b u s in e ss  
on their im pact and  
the ex p ected  
c h a n g e s  to be  
a ch iev ed
Breaking down  
of targets  
identifies likely 
obligation
E stim ates for 
individual b u s in e ss
P rovides b u s in e ss  
with a starting  
benchm ark
E n a b les national or 
sec to r  sp ec ific  targets  
to be broken dow n by 
b u sin e ss , to a  locality, 
and individual 
b u s in e ss  targets to be  
se t.
A llows local 
authorities to put into 
action efficient ‘soft 
regulation & p rogress  
m onitoring’
Figure 1.1: Use of individual organisation GHG emissions, wastes and w ater use
estimates
Allows efficient estim ation
in sp ec ific  a r ea s  and by
w hom , o f u se  for planning
infrastructure and strategy
Allows local 
govern m en t to 
g o  further than
Provides local
authorities with an  
estim ation o f GHG  
em iss io n s , w a s te s  
and w ater u s e  in a  
given  area
just w a ste  
diversion
7  Estim ation for \ —  
I b u s in e ss  within an ]
V area  J
Tool potentially  
e n a b le s  b u s in e s s e s  
of a  local area to be  
confronted with
Allows targets and  
priorities to be s e t  for 
sp ec ific  a rea s
their im pacts a s  a
group o f lead ers
Figure 1.2: Use of GHG emissions, wastes and w ater use estimates for groups of
organisations
As is seen in Figures 1.1 and 1.2 there are a range o f uses that the emissions and water 
use estimates eould help address. For individual businesses these include: education of
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businesses on their potential or likely impacts; emissions and water use benchmark 
production in cases where businesses have collected no or little information to date; 
generation of pilot targets (in line with national targets) and enabling soft regulation 
and/ or progress monitoring.
For groups of businesses emissions and water use estimates can be used for: area target 
setting for a specific business community; community engagement allowing emissions 
and water use and their impacts to be addressed collaboratively; aiding local 
government to go further than just waste diversion by having information on actual 
waste production by businesses and location^^; efficient and detailed estimates and 
accounts of waste (and other emissions) for an area to enable efficient planning and 
analysis o f infrastructure and strategy.
Overall the framework should provide a platform for a more local, clear, collaborative 
and consistent approach to be taken by business and government (and non government) 
in reducing GHG emissions, wastes and water use at a local level. One may argue that 
businesses already can estimate their emissions and water use using online tools but 
online tools cannot efficiently generate figures for an area. Current online tools also 
require businesses time and effort to find the tools and enter relevant information. Also 
some businesses may believe that they do not actually have any environmental impacts 
to report.
The framework developed to achieve the aims of the study and allow business and 
government uses to be derived is the Commercial Local Area Resource and Emissions 
model. CLARE has two modules, CLARE-direct and CLARE-indirect. CLARE brings 
together business economic m i c r o d a t a  together with environmental micro data, and 
national and sector level data. CLARE-direct estimates the direct GHG emissions, 
wastes and water use occurring on site for a business or businesses. CLARE-indirect 
applies and combines the methods of environmental input-output (EIO) accounting and
The UK currently has a landfill tax, this is a tax on waste that goes to landfill and incentivises waste diversion (away from 
landfill) as opposed to waste avoidance. Also, from review o f  the 2007 government waste strategy for the Hospitality and Food 
retail sectors, the strategy for these sectors is dominantly end o f  pipe. Therefore a sharper focus on waste avoidance is required for 
businesses. By providing such detailed estimates on arisings (as CLARE will) it is hoped that business and government strategy and 
policy can shift from waste diversion to waste avoidance as this approach is further up the waste hierarchy and avoids generation o f  
embodied emissions, waste diversion does not.
Micro refers to data for individual businesses as opposed to sector data or UK data.
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components of CLARE-direct to estimate the indirect GHG emissions, wastes and water 
use of a business or businesses, CLARE was developed specifically for this project by 
the eurrent author. The work builds on earlier work conducted by the Research Group 
on Lifestyles Values and Environment (RESOLVE). Figure 1.3 identifies the 
RESOLVE models developed to map direct and indirect resource use and emissions.
Output: direct 
and indirect 
em issions  
attributable to 
households  
consum ption and  
lifestyle choices
SELMA
Estim ation of em bodied  
/G H G  em issions attributable  
to final dem and (excluding) 
exports) a t the national 
level.
^LARF
Estim ation of 
direct & indirect G H G  
em issions, w astes  and  
w ater use resulting from  
businesses activities  
at a local level
Output: direct and  
indirect G H G  
em issions, w as tes  
and w ate r use  
estim ated  for 
businesses
LARA
.Estimation of 
! direct & indlrôot resource \
& e m i s s i o n s .# # # #  
to  households at 
local level
Output: direct and indirect 
household resource use and " 
em issions ..
Figure 1.3: Resource and emissions models developed by RESOLVE
The framework developed builds on and is informed from a number of previous studies 
such as: Jackson et al (2006), Bradley et al (2006), Bradley and Jackson (2007). The 
project is also informed by previous studies by Albino et al (2002), Matthews and Lave 
(2003), Gerbens-Leenes et al (2003), Kytzia et al (2004), Sinclair et al (2005), Foran et 
al (2005), Lenzen et al (2006), King and Tsagatakis (2006), Xue et al (2007), Kagawa et 
al (2007) and Trueost (2008). Although this is so, due to the different aims and 
objectives as well as data constraints and opportunities, the methods developed by the 
current study are original and differ from previous work and result in a higher level of 
business coverage and spatial detail to be aehieved, above and beyond previous 
frameworks.
1.5 Current and future demands for the framework
From Figures 1.1 and 1.2 the main uses of the framework were identified. In order to 
understand the demand for such a framework and its uses in more detail, this section 
provides an overview of the key elements of need for both business and government in 
relation to resource efficiency and environmental accounting and reporting. A focus is 
put on resource efficiency as reduced waste, water use and GHGs (through energy 
reduction) can derive substantial financial and environmental benefits for UK 
businesses and government (Oakdene Hollins 2011). Appendix 1.2 provides the 
background and detail which informs the overview.
Business:
Key elements of business needs in relation to bringing about resource efficiency and for 
environmental reporting are summarised in Figure 1.4:
Need for a 'champion'
Need for environmental 
credentials in business
Development of networks
Avoiding diversion from 
core businessNeed for support in acting
'E lem ents  of need.
I business ,
Difficulty in understanding 
importance of acting
Infrastructure support
Need to encourage changes in 
behaviour
More quantitative data to help 
businesses benchmark
The need for scale
Figure 1.4: Elements of need of businesses for resource efficiency and
environmental reporting
From Figure 4.1 it can be observed that businesses have quite a range of different needs. 
In relation to the needs for support for businesses in resource efficiency which we firstly 
address, two key studies were those of AEA and SDRN (2009) and Oakdene Hollins 
(2011) amongst other studies. We now summarise key findings.
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From AEA and SDRN (2009) and ENDS (2011) it was clear that business support is 
welcomed by businesses, particularly 1:1 support. Yet it is apparent that due to funding 
constraints there is now a need for a new ‘one to many’ approach by support providers. 
Additionally, businesses need infrastructure and support to aid the delivery of resource 
efficiency and linked to this is the need for local networks to aid support and share 
infrastructure (AEA and SDRN 2009 and ENDS 2011). It is also clear that there is a 
need for more physical quantitative data for businesses benchmarking and accounting 
purposes (Viere et al 2011 and AEA and SDRN 2009). For business engagement tasks, 
a starting benchmark developed externally, but specifically for the business may be 
good enough to start to engage business that have little or no data on their emissions and 
water use impacts. Business engagement in resource efficiency and environmental 
monitoring and reporting, is flagged up as a key issue in the literature, particularly from 
SMEs (European Commission 2011, ENDS 2011, AEA and SDRN 2009 and GHK and 
Defra 2010). Resource efficiency is perceived to be a diversion from core business 
(AEA and SDRN 2009). Linked to this may be the fact that, although it is clear that 
resource efficiency can be profitable (with investments having a positive net present 
value), for SMEs often the scale of benefits achieved from action are small: this may be 
why engagement is low. This issue of scale is important. From review it is felt that this 
is a key issue to address for resource efficiency in SMEs. The literature does not 
generally directly mention opportunity cost involved for businesses (apart from 
Oakdene Hollins 2011), but it is clearly very important; even if  resource efficiency is 
profitable the investment in time and effort collecting data and making decisions may be 
too high given the benefit, compared to other core business investments which may 
have larger scale returns. This issue is further addressed in this section under the 
government and NGO sub section.
With regards to business understanding, there is a need to help businesses understand 
their resource and environmental impacts and why they should act to reduce them (AEA 
and SDRN 2009). This leads to the next need, the need for a ‘champion’ within 
organisations to promote resource efficiency: it is clear that having a ‘champion’ for 
environment or resource efficiency can help drive resource efficiency, environmental 
accounting and improvement (Sorrell et al 2000 and AEA and SDRN 2009). It is also 
clear that in order to deliver resource efficiency it is often important for a business to
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understand impacts along the supply chain and not just within the company itself (AEA 
and SDRN 2009). WRAP (2009a) identify that strategies such as lean production that 
can look at reductions along a supply chain can have significant environmental and 
economic benefits. Businesses can also significantly improve their environmental 
credentials and sometimes their market position by investigating, identifying and 
reporting the key resources and environmental impacts associated with the inputs used 
in their production (Environment Agency 2010 and AEA and SDRN 2009). 
Improvement of environmental credentials can result from both onsite actions and 
actions to affect the supply chain (e.g. sustainable procurement, see Vorosmarty et al 
2011). For some industries and businesses, demonstrating environmental credentials 
can be important in winning business and contracts. It can however be difficult for 
SMEs to have the resources to deliver such credentials in addition to focusing on their 
core business (AEA and SDRN 2009 and Defra 2009b). This leads to the needs of 
businesses in relation to environmental accounting and reporting.
In relation to environmental accounting, Viere et al (2011) find that most studies 
dealing with implementation of business environmental management accounting (EMA) 
apply environmental cost accounting applications. They also found that International 
Federation of Accountants (IFAC) guidelines discuss a range of decision settings but 
focus most heavily on environmental cost accounting. In their book on environmental 
management accounting, they identify that employing just environmental cost 
accounting is unsatisfactory from a supply chain perspective and that life cycle 
assessment (EGA) and environmental life costing have become very important EMA 
tools for business. Although this is so, EGA can be very time consuming and 
expensive. This is problematic for businesses with low resources (both financial and 
labour) and time to invest in environmental accounting. Based on this and the 
importance of looking beyond just onsite impacts and electricity use o f companies in 
environmental reporting (as Matthews et al 2008 clearly demonstrate) and in 
sustainability actions taken by businesses (Vorosmarty et al 2011), it is believed that 
there is a need for the generation of onsite and supply chain related quantitative 
benchmark estimates for environmental parameters such as GHGs, waste and water use. 
These can help business understand their potential for embodied supply chain impacts 
and may encourage and help prioritise better reporting. An important issue however is
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the form in which quantitative estimates are provided to business. To be effective, 
information must be specific, personalised, vivid, simple and close in time to the 
relevant decision (form of information).
Some businesses may resist acknowledgment and change by actively downgrading 
information (this is known as inertia as highlighted in Sorrell et al 2000). Inertia may 
be easier if  information is not personalised and specific. A key issue and cost to 
businesses in energy and resource efficiency is diversion from core business (Oakdene 
Hollins 2011 and AEA and SDRN 2009). By providing business specific benchmark 
information the proposed framework can help business understand and foresee their 
likely emissions and water use as well as potential savings, without requiring time and 
effort by the business (therefore reducing diversion from core business). Collinsa et al 
(2007) found that a key driver to business adoption of sustainability practices are the 
beliefs and values o f senior management, Sorrell et al (2000) also identify the potential 
importance of values. Information could play a role in sensitising values.
Building on the uses of the framework from Figure 1.1 we now briefly look at how an 
emissions and water use estimation framework may address some of the needs and 
demands identified in Figure 1.4. More detail on this subject is also provided in 
Appendix 1.2; a summary is provided here. Specifically needs may be addressed in 
relation to:
• generation of more quantitative data;
• the need to encourage changes in behaviour, and addressing difficulty in 
understanding importance of acting;
• the need for environmental credentials in business; and
• the need for a champion and avoiding diversion from core business.
The quantitative benchmarks specific to each individual business identified in Figure
1.1 could be used in a step-by-step approach to address the needs o f business in 
resource efficiency and environmental accounting. In such an approach, benchmark 
estimations developed from the framework can precede measurement, and rough 
measurement again precedes a more and more refined measurement. Such quantitative 
benchmarks could move many businesses from being in a position o f missing
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information (on their waste resources and emissions impacts) to an improved position of 
imperfect information.
Such an approach can then encourage and engage businesses concerning the need for 
environmental reporting and help in identifying and prioritising resource efficiency 
opportunities and further data collection needs.
The level o f information provided may be enough to help the business (and potential 
champions) understand that they do have a role to play in bringing about resource 
efficiency and reducing environmental impacts and that there could be benefits to the 
company from monitoring and reducing environmental impacts via reducing resource 
use. This can therefore help in encouraging engagement and changes in behaviour and 
addressing difficulty in understanding the importance of acting. This can potentially 
sensitise businesses to their role in environmental sustainability. It has to be 
acknowledged that the framework could not fill the gap of providing perfect or exact 
reporting for businesses: this can only occur from the company’s own progressive 
monitoring. Therefore there is a need for a framework that can help engage business 
towards a situation of better information^^. Given this, the communication of 
uncertainty associated with such a framework can be a useful property.
Estimates from this framework could also reduce the bounded rationality o f individuals 
within business by enabling a business to have an emissions and water use estimate 
without any effort required from them. This bypasses/reduces the need for time and 
attention and diversion from core business to get a basic understanding o f their 
company’s likely impact and potential savings and help move forward progress with 
developing environmental credentials. Sorrell et al (2000) term this as economising on 
bounded rationality: enabling actors to make efficient choices without requiring 
extensive effort in attaining and analysing information.
Estimates from a detailed emissions and water use framework could also serve business 
needs and the gap in relation to: the need for support in acting; infrastructure support;
GHGs, waste and water use estimates are currently generated by CLARE and these could easily include energy use in future (as 
this is already calculated when generating GHG benchmarks).
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the need for scale; and the development of networks. All of these needs would however 
be provided to businesses through a third party, potentially government or local 
enterprise partnerships (or programmes such as the National Industrial Symbiosis 
Programme). Therefore we now discuss them under the next section.
Government and NGOs
National and regional level government spending on resource efficiency will 
substantially drop in the near future. ENDS (2011) state that DEFRA’s £56 million 
investment in resource efficiency in 2010/2011 is projected to nearly halve to £30.Im 
by 2014/15. They also refer to cuts in regional funding for frontline resource efficiency 
help to firms in the English regions with the abolishment of Regional Development 
Agencies (RDAs). Given funding cuts, this has two clear implications for support that 
can be provided to businesses for resource efficiency and environmental accounting: I . 
Support needs to be developed efficiently and targeted towards businesses that most 
need it and also those businesses that can have significant impact (i.e. SMEs with larger 
impacts and where resource efficiency might be profitable) from actions in reducing 
environmental impacts. 2. The abolishment of RDAs (ENDS 2011) and push for new 
Local Enterprise Partnerships means that opportunities for a more local approach and 
form of support may be more likely in future to replace regional level support that will 
not exist.
From work in Appendix 1.2, the key elements of government need in relation to 
supporting resource efficiency, environmental accounting and reporting by business are 
summarised in Figure 1.5:
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Figure 1.5: Elements of need for UK Government
Figure 1.5 identifies a range of needs for government in addressing resource efficiency 
and environmental accounting and reporting. There is a clear role for government in 
both business resource efficiency and environmental reporting as it is clear that many 
businesses do not act on their own and need encouragement as well as support (ENDS 
2011 and AEA and SDRN 2009). The lack of action in resource efficiency is harmful 
to the environment as well as local economies and the lack o f reporting creates 
uncertainty over the contribution of business towards wider national emissions and 
water use targets.
Due to limits to funding the UK government needs to provide and prioritise support to 
help business resource efficiency in an efficient way and find ways to encourage and 
engage business in environmental monitoring and reporting. For resource efficiency, 
this is illustrated by the need for a ‘one to many approach’ as opposed to one to one 
support for businesses (AEA and SDRN 2009). The same applies for implementing 
infrastructure; and this is one of the reasons why Defra (2007) has called for the 
technical and economic assessment of waste schemes such as services for food waste 
and anaerobic digestion.
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Oakdene Hollins (2011) identify that thé potential savings to UK business from 
resource efficiency can be huge, and it is clear that very often resource efficiency 
measures can be profitable and have payback within less than a year. The dilemma for 
government is that many businesses don’t seem to act to make these savings on their 
own (ENDS 2011). For the many small and medium size businesses this is likely to be 
due to the issue of scale of benefit to small businesses individually, amongst other 
reasons (as discussed earlier), as well as opportunity cost and diversion from core 
business.
There does seem to be however, a clear opportunity as if  these benefits could be scaled 
up by a third party on behalf of businesses, then scale is not an issue. With profitability 
possible (as is identified in Oakdene Hollins 2011), such interventions can be possible 
and can contribute to the local economy. There is a need to facilitate resource 
efficiency at scale. There is potentially an opportunity for third parties to support 
businesses and lead action for resource efficiency in conjunction with businesses at 
scale. This is discussed in Appendix 1.2 and from review it is clear that Local 
Enterprise Partnerships might be a suitable platform for such collaborations.
Beyond resource efficiency there is a need to identify the importance o f reporting and 
acting to reduce environmental impacts within the business community within an area 
which requires an efficient accounting framework, which can drill down to pinpoint 
likely impacts associated with individual businesses in the area. In relation to 
households, government has previously employed carbon footprints. There is a need for 
a similar approach for businesses; for example, what is the carbon footprint o f different 
sectors within an area and how much of these impacts occur on site at the businesses or 
within the supply chain of such businesses? Such questions are important for 
government if it is to attempt to identify the importance of acting, it must provide 
information specific to businesses and sectors to illustrate their environmental impact, 
and an account to illustrate the importance for reporting. By providing benchmark 
GHGs, waste and water use estimates for each business, a framework may provide a 
powerful tool for identifying impacts and the need and obligation for clear accounting, 
reporting and actions to meet national emissions and water use targets (uses described in
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Figure 1.2 and 1.3) whether through resource efficiency or other means. Albino and 
Kühtz (2004, p. 165) assert that:
“zY is becoming evident that sustainability targets are best pursued within the confines o f  
a local area. ”
Targets for sectors are generally generated at the national level. Given that all 
implementation is local, there is significant value in aiming to identify businesses target 
contributions in absolute terms for sectors and businesses at the local level, to aid 
sectors and businesses to realise the vision of what their role might be is in reducing 
environmental impacts associated with their business and area and to encourage their 
reporting. This can help government understand businesses potential role and 
contribution (within the area) towards targets. As identified in the introduction it is 
currently difficult to know the GHG, waste and water use of impacts o f businesses in 
detail at the local level due to a lack of quantitative reporting by businesses and lack of 
availability of disaggregated datasets.
Building on Figure 1.2 we now briefly look at how an emissions and water use 
estimation framework may address some of the needs and demands identified in Figure 
1.4.
In relation to providing and prioritising support to businesses, a framework could help 
provide and enable a ‘one to many approach’; providing benchmarks of emissions and 
water use for all business of a sector within an area in detail from one single point and 
allowing generation of relevant information for business in an efficient manner when 
only limited funds are available. An emissions and water use benchmark can help 
engage businesses action, if  the estimate is made specific and therefore salient to the 
business of concern. These latter points are particularly important given recent national 
funding cuts in resource efficiency and closure of RDAs. Such support can serve 
needs by reducing costs to businesses in attaining information and at the same time 
providing information to raise awareness of likely environmental impacts (both direct 
and indirect) specific to a business.
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Research from the Waste Strategy for England (2007) suggests that 51% of mixed 
(unsorted) commercial waste that is collected occurs from small medium enterprises 
(SMEs). Similarly DECC (2010a) identify that 24% of UK industry and service sector 
GHGs are from organisations not covered by the EU Emissions Trading Scheme or 
Climate Change Agreements, or Carbon Reduction Commitment. O f these emissions, 
service sectors are the majority contributor. For environmental impacts and resource 
efficiency for SMEs, essentially there exists a ‘diffuse pollution’ type problem. The 
diffuse and dispersed nature of impacts and benefits from resource use reduction 
opportunities creates an issue in terms of scale of benefit for some businesses as 
discussed, but also in terms of targeting of businesses for support.
Some SMEs in certain sectors, have much larger resource efficiency impacts and more 
profitable investment opportunities (such as Hotels) than others. This is shown in 
employee size band C&I waste statistics for the Hospitality sector (Environment 
Agency 1999 and most recently WRAP 2011) and profitable resource efficiency 
opportunities described for sectors in Oakdene Hollins (2011). Given this situation, 
there is a need and a gap for a framework that could be used to prioritise SMEs of a 
chosen sector within an area that are likely to be having more significant impacts e.g. 
high levels of waste and GHGs and that could therefore gain most from efforts to 
improve resource efficiency. Such targeting could result in support having more impact 
and being targeted more efficiently from both an economic and environment 
perspective. Using such tools to identify high impacting SMEs could make a 
significant impact, as larger businesses (generally more engaged businesses) typically 
have greater environmental management resource and will often have picked ‘low 
hanging fruit’.
With the proposed framework it should be possible to estimate aggregate resource use 
from businesses in a local area and with some additional information, likely resource 
efficiency savings in physical terms for businesses within the area. In future such 
savings could be translated into financial savings in the ways described in Appendix 
1.2. If business resource efficiency benefits are scaled up for an area by use of 
estimation techniques including physical estimates developed by a framework, a third 
party such as a Local Enterprise Partnership could potentially work with businesses to
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help implement many small scale but profitable resource efficiency measures in 
businesses. These may collectively have a substantial financial return for the local 
economy. The ffamev^ork used to make physical estimates must have the ability to 
produce detail to the level of individual business and a capability for spatial mapping, 
for implementation purposes (e.g. providing support) but also for targeting businesses 
and informing on costs (via information on best transport route which can be mapped 
out).
Emissions and water use estimates can also be used to provide emissions and water use 
footprints or benchmarks for businesses and sectors within areas at different scales. By 
providing detailed emissions and water use estimation for businesses, local government 
can develop and engage with businesses on what local targets should be -  based on 
quantitative data of what the local environmental impacts of businesses actually are. 
This can start a dialogue and vision of where the local sector and businesses of the area 
might position themselves in terms of sustainability in 10-15 years time etc. This may 
be particularly important for areas and regions that want to develop a reputation as a 
sustainable area for business or tourism. For example, hospitality businesses at a 
tourism destination might want to promote themselves as an area for eco-tourism etc. 
The Isle o f Wight recently developed a vision to become what it calls an Eco-island 
(Eco-island Strategy 2011 and Eco-island vision 2011) which can have benefits to the 
local community and the development of eco-tourism. CCC (2012) emphasises the 
crucial role of local authorities in helping meet UK carbon targets. Local authorities 
are starting to measure sustainability performance in their areas (Scarborough, Woking 
and Kirklers 2012 provide good examples) and with the increasing importance o f CO2 
reduction, a move towards measuring local businesses influence (e.g. through 
sustainable procurement) on global CO2 production could prevail. It is acknowledged 
however that in practice some local policy makers may consider this a step too far. This 
does not however erode the capability that exists at this level and that this could be 
applied to progress towards emissions and water use reduction targets.
The framework could also be used to help develop local business networks. It would be 
useful to have a framework to help identify businesses from the same or different 
sectors within a local area that may have common interests or may be able to help each
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other to deal with waste and energy in tandem and share vehicles or technology as well 
as other costs to improving resource efficiency. The need for local networks is apparent 
in AEA and SDRN (2009) and more detail is provided on this in Appendix 1.2. Such a 
collaborative approach could also help businesses see that others around them are 
making efforts to reduce their environmental impacts and this is important in bringing 
about pro-environmental behaviour (Defra 2007a).
Therefore in order to develop a framework for business benchmarking, prioritise 
support and infrastructure there is a need for a detailed, comprehensive, but efficient 
and comparable account and the capability for mapping of businesses emissions and 
water use impacts. If these characteristics are not present for the framework (and its 
estimates) then comparison of businesses and areas and subsequent prioritisation of 
support and infrastructure is likely to be sub optimal. This can affect both the economic 
and environmental impact o f the support and infrastructure provision. Area referencing 
and comparison of GHG, waste and water footprints is also difficult without such 
characteristics.
1.6 Thesis outline
The structure of this thesis will now be outlined. Chapter 2 critically reviews the 
literature relevant to the development of CLARE and where appropriate identifies gaps 
in the literature. The chapter forms the basis for the formulation of the research 
questions of this dissertation, which are identified at the start of Chapter 3.
Chapter 3 describes the framework, methods and data. Critical appraisal o f methods 
and data selections and preparations are provided where necessary. This chapter is 
where the CLARE model is fully described. In Chapter 4 methods to address 
sensitivities and uncertainties for the model are presented.
Chapter 5 presents the direct and indirect emissions and water use case study for 
CLARE: Hospitality and food retail businesses in Southampton. In this chapter,
emissions and water use estimates (as well as targets) are reported at various scales- 
Unitary authority, postcode district, postcode sector, business and product level. The 
full range of resolution possible with CLARE is demonstrated. Where appropriate,
21
examples of applications for which emissions and water use estimates can be used are 
demonstrated, as well as the ability to conduct prioritisation. The use of case study 
research ‘brings to life’ and identifies the value added of the CLARE approach beyond 
the available data before modelling. CLARE provides a previously non existing 
‘picture’ of the emissions and water use for the case study area and relevant businesses 
and products.
For any model, it is important to assess the uncertainties and sensitivities in estimation. 
This is the subject of chapters 6, 7 and 8. Where appropriate, literature is incorporated 
into the chapters to aid discussion, particularly in 7 and 8.
Chapter 6 investigates uncertainties and sensitivities associated with CLARE-direct. 
Assessment of data aggregation, as well as uncertainty from the application o f mean 
values in CLARE-direct is addressed here. Towards the end of the chapter, comparison 
of estimates o f CLARE-direct with estimates of other models is conducted, as well as 
determination as to whether CLARE-direct provides improvement o f assumptions 
compared to previous models.
Chapter 7 identifies uncertainty and sensitivities associated with the model estimates of 
indirect emissions estimates. Although uncertainty associated with similar UK models 
has recently been conducted, no UK studies are known to investigate the sensitivities of 
such models to data aggregation. Therefore Chapter 7 focuses on the effect o f data 
aggregation in these types of models, as well as approaches to overcome data 
aggregation.
In order to assess robustness of final indirect emissions and water use estimates used in 
the case study, Chapter 8 compares best estimates (including those for GHGs making 
use of a 126 sector model) with those of other studies. The benefits of a method used 
to derive best estimates using a 126 sector model are outlined towards the end o f the 
chapter.
Finally, Chapter 9 concludes the research o f this project, and points to key findings as 
well as future research.
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C h a p t e r  2: L i t e r a t u r e  r e v i e w  
2.1 Introduction
This chapter reviews current reporting of UK emissions and water use data for industry 
and business. Gaps in the literature and reporting are critically assessed. The chapter 
then proceeds to identify the methods available that may be of use in developing 
emissions and water use estimates to replace data gaps. The review generates a basis 
upon which the need for CLARE is further demonstrated as well as describing how 
CLARE builds on previous methods.
The chapter is organised as follows: section 2.2 reviews the environmental impacts 
resulting from GHGs, waste and water use and national level GHGs, waste and water 
use of UK business. This puts the study in the context of wider issues. Foreign 
emissions and water use attributable to the UK and UK commerce and industry are 
reported and discussed in section 2.3. In section 2.4 local reporting o f emissions and 
water use by business and government in England is reviewed. Section 2.5 identifies 
increasing local action and increasing demand for estimates from a framework such as 
the CLARE model. The latter sub section identifies the main gaps in the literature and 
how this project will attempt to address this. Section 2.6 reviews the available methods 
that inform the development of the framework (the CLARE model). Section 2.7 
concludes the chapter.
2.2 Climate change, GHG mitigation, waste and water in the UK
Climate change is arguably the greatest environmental challenge facing the world today 
(Defra 2008a and Blair 2006). In general, the majority of scientists and the UK 
government take the view that human influence, through GHG emissions production, is 
the main driver of climate c h a n g e T h e  International Panel for Climate Change 
(IPCC) identify that to stabilise GHG levels in the atmosphere at a reasonably safe 450 
parts per million, there is a need to reduce global CO2 emissions to below 5 billion 
tonnes by 2050 (as seen in Jackson 2008). Greenhouse gas emissions from businesses
From the Fourth Assessment Report from the Intergovernmental Panel on Climate Change (IPCC), Defra appear to be in no 
doubt that human activity is the primary driver o f  the observed changes in climate. The main human influence on climate is said to 
be from greenhouse gases (Defra 2008a). Although this is so, there are some authors such as Taylor (2008), who still dispute the 
evidence and question the scientific analysis by IPCC.
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are important. O f total UK carbon dioxide emissions by source and (produced by) end 
user, business and industrial processes made up 38 percent of all emissions in 2006. For 
methane emissions they make up roughly 10 percent, for nitrous oxide they make up 12 
percent (Defra 2008b)^"^. The UK Committee on Climate Change, an independent body 
established under the Climate Change Act 2008 advise government on setting and 
meeting carbon budgets and preparation for the impacts of climate change. The 
Committee on Climate Change’s carbon budgets place a legally binding ceiling on the 
level of allo^vable GHGs emissions emitted in the UK over a five year period. Carbon 
budgets are set at least three periods in advance (CCC 2011).
Waste is also a key issue in the UK due to the lack of landfill space, the sheer amount of 
waste produced and its cost to the environment and the e c o n o m y W a s t e  management 
is also linked to climate change in a number of ways, for example 41% of UK methane 
emissions were from waste management in 2006 (Defra 2008b). In addition to this, 
resources that are wasted have upstream embodied energy and GHG emissions 
implications. Businesses and industry are the dominant influence on waste produced in 
England. Businesses in England produced an estimated nearly 68 million tonnes o f 
commercial and industrial (C&I) waste in 2002-3, of which 41 percent was landfilled 
and 44 percent was recovered (EA 2002). In addition to this waste, roughly 109 million 
tonnes of construction and demolition waste occurred from businesses in 2003 (Defra, 
Environment Agency and Water UK 2006). These business relevant wastes compare 
with 26 million tonnes of municipal waste from households in 2002/2003 (Defra 2010). 
Although this is so, government provides significant infrastructure and support to 
reduce and divert household waste from landfill: infrastructure and support for 
businesses has been to a much lesser degree.
With regards to water, the UK is amongst those European countries which have the least 
available water per capita. Water s c a r c i t y i s  an issue in the UK (European 
Environment Agency 2009). As with waste, there is a link with climate change, as it is
Emissions from electricity production appear to be allocated to users. It is believed that these estimates are only for emissions 
produced on UK territory.
Waste generation can result in costs via loss o f resources, waste degradation, pollution, transport and sometimes treatment.
“ Water scarcity occurs where there are insufficient water resources to satisfy long-term average requirements. Water scarcity 
refers to long-term water imbalances, combining low water availability with a level o f  water demand exceeding the supply capacity 
o f the natural system.”  (European Environment Agency 2009)
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very likely that climate change will influenee water resources in future Pumping of 
water is energy intensive (so can generate GHGs). Although businesses are not the 
main eonsumers of water supplied by water companies, they do have a role to play in 
reducing water use.^^ Roughly twenty percent of the water supplied by water 
eompanies is to meet business and industry demand, whereas the majority is consumed 
by households (Environment Agency 2008). This however, excludes a very large 
amount of water that is directly abstracted by industry and business themselves (almost 
5 times the amount of water supplied to business from water companies). Wastage of 
water by businesses happens on a large scale: reeent Environment Agency research 
reveals that businesses in the Retail and Hospitality sectors are often wasting as much as 
50% of the water they intake (Environment Agency 2009). Beyond water supplied and 
abstracted by industry (termed blue water^^), water (in the form of moisture) stored 
within UK soil (green water^^) is also used by plants that the UK agriculture industry 
sell on to eonsumers. The environmental impaets assoeiated with the latter waste use 
are generally a lot lower than from those o f water supplied by water companies or 
abstracted (WaterWise 2007). For this reason, the eurrent study only conducts 
estimation of blue water.
2.3 Foreign emissions and water use attributable to the UK as 
indirect impacts
Beyond UK businesses direct emissions and water use, foreign emissions and water use 
oeeur as indireet emissions and water use attributable to UK business production. 
Ideally these flows should be quantified as businesses ean effect foreign emissions and 
water use praetiees through aetions in their (very often global) supply ehain, for 
example through sustainable procurement and other aetions. Vorosmarty et al (2011) 
elarify the importance of sustainable proeurement when they state that (p.42):
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IPPC state that: “ Observational records and climate projections provide abundant evidence that freshwater resources are
vulnerable and have the potential to be strongly impacted by climate change, with wide-ranging consequences for human societies 
and ecosystems.”
(see: http://www.ipcc.ch/pdf/technical-napers/ccw/executive-summarv.pdfl
Katie Plummer, an Envirowise manager from the south east stated that: “If every business in the region leaves just one tap 
dripping for a day, a staggering 8 million litres o f  water would be wasted. Over the course o f a year, the cost to businesses in the 
South East would be more than £2 million.” ( http://www.envirowise.gov.uk/uk/Press-Office/Press-Releases/South-East/South- 
East-firms-urged-to-take-six-steps-to-stem-water-waste.htmll
Hoekstra and Chapagain (2006) identify that the term blue water includes ground water and surface water.
Hoekstra and Chapagain (2006) identify that the term green is the moisture stored in soil strata.
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^^companies are also customers hut the way they carry out their buying activities is quite 
different from  the way final consumers purchase their products. In any economy, 
purchasing by companies represents substantial buying power, and is concentrated in 
fa r  fewer hands than in consumer markets. As a consequence, a relatively small 
number o f  companies are capable o f  motivating a wide range o f  suppliers and this 
could promote the spread o f  sustainable practices.
2.3.1 Studies of foreign emissions attributable to the UK
A number of UK studies look into the foreign emissions and water use attributable to 
the UK. Attribution of impacts to UK consumption (applying the consumption 
perspective) is a dominant way of presenting these foreign emissions and water use. 
For CO2 and GHGs relevant studies estimating the emissions attributable to UK 
consumption, see Druekman et al (2008), Druekman and Jackson (2008a), Druekman 
and Jackson (2009, 2009a, 2009b), SEI WWF and CURE (2006), Helm et al (2007), 
and Wiedmann (2009). Hoekstra and Chapagain (2007) and Yu et al (2010) illustrate 
this approach for water and Wiedmann et al (2006) with regards to ecological footprints. 
Bradley et al (2006) apply this approach for waste. Applying the consumption 
perspective, the emissions that arise in the production and distribution o f goods and 
services are attributed to final consumers, regardless of where the emissions are 
produced geographically^^ (Druekman et al 2008).
Studies such as Druekman et al (2008), Druekman and Jackson (2009a), Bradley et al
(2006) and others compare these estimates with UK emissions and water use from the 
production perspective. The production perspective is relatively straightforward, it is 
simply the UK emissions reported in the inventory data published by the Office for 
National Statistics (ONS) in the UK Environmental Accounts (Office for National 
Statistics 2010).
The difference between the figures from the production perspective and the 
consumption perspective is known as the ‘environmental trade balance’ e.g. the ‘carbon 
trade balance’. The carbon trade balance measures the extent to which the UK has “off­
shored” its GHG intensive industries (Druekman and Jackson 2009a). Druekman and
So imports for final products or imports used to make UK consumed final demand products and services are included.
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Jackson (2009a) report for GHGs that the UK trade balance increased from 6% in 1990 
to 24% in 2004. Wiedmann (2009) estimate that net CO2 emissions embodied in UK 
imports (using a UK multi regional model) went up from 4.3% of producer emissions in 
1992 to 20% (a maximum) in 2002. Helm (2007) found that GHG emissions embodied 
in UK exports over a similar time period (to the latter studies) increased much more 
modestly than did GHGs embodied in imports. These studies indicate that the UK has 
increasingly “off-shored” its GHG intensive industries. Li and Hewitt (2007) also 
investigate the CO2 emissions embodied in exports^^.
Bradley et al (2007) report a range of trade balances for different waste streams and find 
that the trade balance varies between different waste streams and can vary between 
different years. For example, for paper and card waste, the trade balance was positive 
in 1995 by 1 million tonnes and negative in 2004 by 2 million tonnes. For food waste 
the trade balance was positive in 2004 by 1.7 million tonnes.
Chapagain and Hoekstra (2004) identify the UK’s embodied water in the trade of 
imports and exports separately for the year 1997 to 2001. The authors investigate a 
similar but somewhat different concept to that of the ‘trade balance’ called the virtual 
water balance o f a country. This is the difference between the total water embodied (or 
virtual water) in imports and total water (virtual water) embodied in exports for a 
country in a given time frame. They find that the UK is a net water importer. The UK 
has a water import dependency^^ of 70, meaning that the country is 70% reliant on 
foreign water for its total water footprint.
The latter study also identified that domestic water resources embodied in UK goods 
and service exports are roughly 4.8 Gm^/yr. Yet at the same time, about 12.8 Gm^/yr 
of foreign water resources are embodied in these UK exports (water embodied in 
imported products that are re-exported by the UK). From this one can deduce that UK 
goods and service exports embody much more foreign water, than water from their own
22
They estimate the CO2 emissions embodied in the UK exports to China, and the effect o f trade between China and the UK on
CO2 emissions.
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Ratio o f  the external water footprint (mVyr) to the total water footprint o f  a eountry(mVyr).
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country^" .^ But to put the values into perspective, foreign water embodied in UK 
consumption is 35 Gm^/yr^^.
Overall, for GHGs and water use it is clear that the UK is very reliant on foreign goods 
and services that embody large amounts o f GHGs and water use. This may also be the 
case for waste, but further evidence like that of Bradley et al (2006) and Bradley et al
(2007) is required. Very few authors have produced such waste relevant estimations.
2.3.2 The major gap in reporting of foreign GHG emissions and water use 
attributable to the UK
Unfortunately no EIO studies were found to quantify the foreign emissions and water 
use attributable to UK business production. In the case of water use it is known that the 
foreign water embodied in UK exports is high, and this only forms a part o f the water 
use embodied in UK production.
If studies did look into this issue, then one would be able to quantify how reliant UK 
production is on foreign emissions and water use embodied in goods and services 
produced in the UK. This could be a useful contribution. The fact that these studies are 
not available in the UK EIO literature seems a major omission and an area for further 
research. Such modelling would need to apply a new EIO modelling perspective in 
addition to the production perspective; in other words, one that is different from the 
production and consumption modelling perspectives. The production perspective 
accounts for UK emissions directly arising from direct activity in different UK sectors 
(industry and commerce, the public sector, investment and households) and therefore 
not foreign emissions. The consumption modelling perspective usually accounts for the 
emissions attributable to final demand (consumption e.g. household final demand). 
Final demand sales make up only a part o f a business or sectors production; therefore, 
this does not tell us the indirect emissions attributable to the production of a sector. This 
is required in conjunction with the production perspective to estimate the total 
emissions attributable to production. Figure 2.1 identifies this.
See Table 4.9 in section 4.3 o f  Chapagain and Hoekstra (2004) for detail.
^  O f this value, 17 GmVyr o f foreign water are embodied Agricultural goods for UK consumption.
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perspective + GHGsattributable
to
production
Direct
GHGs form
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energy use
Total GHGs attributable 
to  production
Figure 2.1: Illustration of total emissions attributable to production for GHGs
It is not surprising that most studies currently focus on the foreign emissions attributable 
to consumption (and sometimes exports). In the industrialised world particularly the 
main drivers for the level and growth of environmental pressures are final consumption 
and affluence (Lenzen et al 2007). Lenzen et al (2007) refer to studies that demonstrate 
this^^. Additionally, Gerbens-Leenes et al (2003) identify that a number of studies 
show that the most significant pressures forcing firms to tackle environmental concerns 
are via the emergence of green consumerism. Foran et al (2005) report on the history in 
applying the consumption perspective in EIO modelling^^.
As yet however, it cannot be vindicated that consumers can bring about large scale 
changes towards more sustainable consumption. The Sustainable Consumption 
Roundtable (2006) observes that there is not enough evidence that green consumers on 
their own are able to change mainstream product markets. Choice editing for quality 
and sustainability by regulators, retailers and manufacturers has been the critical driver 
in the majority of cases. It was found that information provision was unable to get more 
than a minority o f people buying the most energy efficient dishwashers, fridges and 
washing machines, even when savings on running costs were available. Where 
sustainability issues have attached emotional resonance, consumers can drive some 
degree of market transformation. Thus far this phenomenon has generally only 
occurred for food related issues that align to emotional concerns over animal welfare 
and health (Sustainable Consumption Roundtable 2006). Hall (2007) comments that
Hamilton and Turton (1999 and 2002), Lenzen and Smith (2000), Melanie et al (1994), Parikh and Painuly (1994), Wier et al 
(2001), Wolven (1991).
Foran et al (2005) report that Proops et al (1993) took the logic that one can make a strong argument that consumers have 
responsibility for all the impacts o f  an economic system supplying the goods and services to consumers, since Adam Smith (in 
1776) noted that the function o f  economies is to produce to meet consumer demands. Foran et al also noted that the philosophy o f  
consumers being the driving force for impacts (economic, social and environmental) is present in Hamilton and Turton (2001) and 
Mélanie et al (1994).
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consumer pressure focuses almost entirely on recognizable consumer goods, often 
associated with large multinationals. Firms that act at a distance from consumers and 
hidden within a supply chain are said to have little environmental pressure. Without 
adequate incentives or policies, consumers are unlikely to be responsive to their 
environmental responsibilities (Lenzen et al 2007).
2.3.3 Businesses role in reducing emissions and water use, including foreign 
emissions attributable to UK production
The UK Sustainable Development Commission (2007) states that most people expect 
products brought to be environmentally and socially responsible, similarly as they 
expect safety o f products to be a pre-requisite. A group of large businesses'^ convened 
by the Green Alliance (Green Alliance 2010) recently stated that:
“As businesses, we are increasingly aware that consumers at all levels o f the market 
want and expect us to provide them with better products with lower environmental 
impacts. Consumers don’t want to spend time researching their purchases or comparing 
labels” (Green Alliance 2010, page 1)
When it comes to businesses taking action to bring about sustainable consumption and 
production through reducing environmental impacts of products, a number of authors 
indicate advantages in looking at and tackling indirect impacts along business supply 
chains^^. The evidence suggests that businesses and sectors have a pivotal role to play 
in bringing about reduced environmental burdens o f products and supply chains. 
Sector level studies, and approaches could be hugely useful in prioritisation (for 
businesses impacts) and informing action to be taken by businesses in bringing about
The Designing Out Waste Consortium: Made up of: Shanks waste solutions, Sainsburys, ASDA, Veolia, Incpen, Valpak, Royal 
mail, Unilever, Boots, and GlaxoSmithKline.
Gerbens-Leenes et al (2003) find that: ‘ ‘an individual process chain-link showed little variation over time. For the Manufacturer 
of an end product, however, the collective behaviour o f several processes combined in the production chain can show large 
; variation because very often there are several ways to make a final food item. An important advantage o f the system's perspective is 
that these differences among the production chain become visible. ” (page 255, lines 21 to 29). White (2007) highlights the 
importance o f  food system inter-connectiveness as changes in one part o f  the food supply chain can influence changes else where in 
the chain. Gereffi and Korzeneiwicz (1994) as seen in White (2007) state that: “the relationship between different parts o f  the food  
system have important implications for the ability o f individual actors to reduce their own carbon footprint. ” (Gereffi and 
Korzeneiwicz 1994, page 104). Nakumara and Kondo (2006) explicitly identify from their waste modelling results, clear examples 
o f  the observation that: ' ‘costs and revenues as well as the environmental impacts o f products are determined to a high percentage 
in the design phase’\  (identified byHunkeler and Rebitzer 2003 from previous literature page 109). Hall 2000 (as seen in Gerbens- 
Leenes et al (2003)) showed that environmental change within a supply chain can occur from a stimulus by a so-called ‘channel 
leader’ with sufficient power over suppliers.
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sustainability. For example, sector level studies o f the direct (UK) and indirect (foreign 
and UK) emissions and water use attributable to UK business could be very useful in 
helping quantify and prioritise businesses and industry’s role at the local level. This 
project seeks to explore this potential by modelling from the perspective of 
understanding direct and indirect emissions embodied in production.
In the EIO literature there are a number of studies that look at the foreign or domestic 
emissions and water use attributable to UK sectors. Studies that investigate emissions 
attributable to sectors are those of Bradley et al (2007), Frey and Wiedmann (2008), 
Minx (2009) and Yu et al (2010). A number of other regional studies do look at a sector 
level, but generally not in as much detail^®.
Yu et al (2010) conduct an EIO study for water use in the UK, in which they look at 
indirect impacts of sectors in one part o f the paper. They identify that food products 
and service sectors such as Retail and Trade and Hotels, Accommodation and Catering 
have high indirect water consumption. Other sectors such as Leather Products, Electric 
Machinery, and Furniture and Other Manufacturing sectors have large quantities of 
embodied water from outside the UK. The authors state that:
“direct and indirect water consumption fo r  each economic sector must he taken into 
account in planning water provision and promoting sustainable water consumption” 
(Yu et al 2010, Page 1147)
When looking at the UK EIO studies o f waste, Bradley et al (2007) looked at the 
changes between the years 1995 and 2004. It was found that for paper and card, C&D, 
and food waste, it is mainly a narrow band o f key fast growing sectors for which final 
demand expenditure drives upstream waste in the selected categories. There was a 
level of uncertainty associated with this finding however, due to a lack o f underlying 
data. Minx et al (2009) however, found a similar result for CO2 .
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Various (mainly regional) CO2 and waste relevant data for sectors has been produced by various studies making use o f  Regional 
Economy Environment Input-Output (REEIO) and Resource and Energy Analysis Program (REAP) in the UK. For more detail see 
Cambridge Econometrics & SQW consulting (2008), SEI and NHS Sustainable Development Unit (2008), SCPnet (2008) and the 
Sustainable Consumption and Production network.
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Frey and Wiedmann (2008) estimate the direct and indirect environmental impacts of a 
range of production and service sectors (including CO2 and important GHGs impacts) in 
the South West of England. They look at the sectors: Transport equipment manufacture 
including aerospace, Motor vehicle manufacture, Hotels and catering services. Food and 
drinks manufacture, and Business services. Indirect CO2 impacts were found to be 
larger than direct CO2 impacts for all five sectors, although marginal for the Food and 
drinks manufacture sector.
Minx et al (2009) estimate the direct and indirect CO2 o f sectors using a multi regional 
input-output model. They find that fast and increasing demand for services in the UK 
are driving up overall indirect CO2 emissions attributable to the UK sectors. The 
authors identify services sectors to be the most important individual driver behind 
increases in CO2 of the UK carbon footprint between 1992 and 2004. Interestingly, the 
authors find that the embodied upstream (indirect) emissions per unit o f final demand 
are low for the aggregated service sector category, although larger than direct.
The authors state that:
Unless both the direct as well as indirect emissions o f  sectors from  upstream 
production are considered, it is impossible to obtain a balanced picture o f  the 
contribution o f  services to climate change policy. ” (Minx et al 2009, Page 195)
Clearly, sectors’ indirect impacts and embodied foreign emissions and water use are 
important and must be considered.
From review of sector based studies (excluding Frey and Wiedmann 2008) it was 
noticeable that when these studies estimate indirect emissions, they tend to estimate the 
emissions and water use attributable to the final demand for a sector. Here lies another 
gap; similar to the gap identified earlier, studies tend not to estimate the indirect 
emissions attributable to a sector’s production. Modelling the indirect emissions 
attributable to a sector’s production entails estimating the indirect emissions attributable 
to the final demand of the sector and also the indirect emissions attributable to the 
intermediate demand of the sector. This is in line with the fact that total output of a
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sector is equal to total final demands of the sector plus total intermediate sales by the 
sector.
Attributing indirect emissions to a sector’s production in this way is much more in line 
with accounting when businesses are the focus of attention, as one seeks to identify 
direct (production perspective) but also indirect (through provision of inputs) impacts 
associated with production not consumption. Modelling using this approach is different 
to the consumption (attributing emissions to final demands that businesses or 
households make) and production perspectives^^ on their own. It is different to the 
consumption modelling perspective as it includes indirect emissions attributable to a 
sector intermediate demand sales as well as final demand sales. It is different to the 
production perspective as it accounts for indirect emissions attributable to a sector as 
opposed to direct.
Estimating the emissions embodied in a sector’s production provides a clear picture to 
both local policy makers and business of scope for potential influence of a sector and 
busihess over its upstream emissions (from its supply chain). This is a very important 
and a pertinent contribution given the strong evidence o f the influence that businesses 
can exert on upstream emissions (Hall 2000 and White 2007 amongst others) through 
sustainable procurement (Vorosmarty et al 2011), choice editing (Sustainable 
Development Commission 2007) and other actions.
Some may believe that too strong a focus on the businesses absolves consumer 
responsibility but, on the contrary the two are interlinked as consumers can only shop 
sustainably when more sustainable options in the form of various more sustainable 
products are offered and provided by businesses. Consequently, there is a need for 
information to guide businesses in understanding all direct and indirect emissions and 
water use embodied in production.
There are however, issues when attributing emissions to a sector’s production. For 
example, such an approach would lead to double counting, if  attempting to directly 
allocate responsibility for emissions and water use to each sector (or business). For
Where only direct emissions and water use are accounted.
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example, if  one were interested in the emissions (direct and indirect) attributable to all 
sectors of an economy, then attributing emissions to sectors production (direct and 
indirect) is inappropriate as much of the indirect emissions attributable to one sector 
will also be attributable to another sector and so double counting will result when all 
sectors emissions are added to provide a total for the economy. This is one of the 
reasons why modelling from such a perspective cannot be focused on responsibility, as 
this results in double counting. This is further discussed in this chapter and towards the 
end of Chapter 3.
This does not however detract from the importance of modelling all emissions and 
water use embodied in production, however, as such a perspective allows one to 
understand the full potential for influence of a business or sector over both direct and 
indirect (upstream) emissions. Analysis from such a perspective is very useful and 
revealing and conforms with a life cycle approach.
At a micro level for business, some studies do estimate the emissions attributable to a 
business’s production but this is not generally conducted at a sector level in the UK EIO 
literature. Currently very few people in the EIO literature (sector level studies) are 
quantifying for sectors in this way. It is concluded that there is a need for this sort of 
analysis and the new perspective that it will bring. As pointed out earlier however, 
analysts should be careful to identify risks of double counting when summing such 
estimates.
If one wanted to allocate responsibility, then one could follow the shared responsibility 
perspective (as seen in Lenzen et al 2007) which allocates responsibility along a supply 
chain (including consumers) to different actors based on various allocation methods 
such as scaling to value added shares etc. The shared responsibility perspective is not 
however, appropriate for the aim of this project and modelling of all emissions 
attributable to production, as such a perspective would allocate portions of the 
emissions attributable to various parts of the supply chain as responsibility shares. Such 
an approach would not allow one to assess the full amount of emissions that could 
potentially be reduced by a business’s actions such as increasing sustainable 
procurement. The shared responsibility perspective is discussed alongside the new
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perspective developed in this dissertation and compared and contrasted in detail towards 
the end of Chapter 3. This ensures clarity. .
2.4 Localised emissions and water use estimation: gaps in the literature
National and sector level reporting is useful for developing strategy, planning and 
progress with emissions and water use reduction targets that tend to be produced at a 
sector and or national level^^. National and sector level reporting and targets do not 
however show which businesses are succeeding and which are failing within each 
sector.
The ability to single out accountability, failure and progress towards GHG emissions, 
wastes and water use targets by individual businesses is important. This section 
critically reviews the reporting o f emissions and water use by individual businesses, 
government and other sources as this signals the current ability to identify 
accountability, failure and progress towards targets. The section starts by reviewing 
reporting by business.
There is quite a literature relating to environmental reporting by business. From this 
literature it was identified that businesses are not reporting in a clear, consistent, 
comparable and transparent manner “cn masse"' (Carbon Trust 2010, Environment 
Agency 2010, Environment Agency 2007, Defra and Trucost 2006, Perrini 2006, 
Lamberton 2005, Gerbens-Leenes et al 2003, WBCSD & WRI 2001, , OECD 2001). 
OECD (2001) state that often companies make their own choices in determining the 
scope and depth of reporting. In the most recent publications this often still remains to 
be the case.
The current author believes there to be five reasons why the current generation o f large 
amounts of information provide very little knowledge on environmental sustainability 
of a production system. Gerbens-Leenes et al (2003) identify three reasons. The first 
reason is due to use of different, incomparable indicators. Secondly, companies differ
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For GHGs such as CO2 sector level estimates are produced each year which helps define progress towards targets. For waste and 
water this is often not the case. Even for GHGs sectors such as Hospitality seem to be excluded and only some representation seems 
to be apparent for the Retail sector, in the form o f  supermarkets as seen from monitoring relevant to climate change agreements, 
Defra (2007c). In general it appears that some sectors are quite active in setting targets and pursuing these targets, for energy, which 
has an impact on carbon emissions too.
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even if in the same sectors, sometimes for example due to outsourcing (company 
boundary). Gerbens-Leenes et al (2003) state that sustainability cannot be assessed at 
the company level due to the type and number of processes occurring within companies 
differing. Foran et al (2005) go further. The authors take the issue of boundaries very 
seriously, and put very high emphasis on it, they state:
Boundary issues are fundamental to most o f  the underlying principles o f  sustainable 
chain management. They are central to the principles o f  completeness, consistency, 
comparability, accuracy, and neutrality. They apply to products and organisations o f  
all types and sizes, and any comparison between different entities is only valid i f  the 
boundaries o f  the analysis are handled with a complete and transparent methodology. ’ ’ 
(page 145, Foran et al 2005)
Thirdly, Gerbens-Leenes et al (2003) state that interaction across aspects o f 
sustainability is very important but often ignored.
An additional fourth reason was found to be misuse of information produced. A 
number of authors in the literature express concerns over the possibility o f misuse of 
information produced, by corporate interests (Gray, 1992; Lehman, 1995, as seen in 
Lamberton 2005). The latter author identifies that a potentially critical role for 
accounting is the design of systems to reduce manipulation and increase the qualitative 
attributes of sustainability accounting information.
A critical fifth factor that this author sees as determining information coming forward 
from businesses, must surely be time, financial and labour resources. Time and 
resources (in form of finance or labour) are identified by Lamberton (2005), and 
Gerbens-Leenes et al (2003) as key issues. AEA and SDRN (2009) recently reported 
that many businesses still see material resource effieiency as a diversion from their core 
business. Gerbens-Leenes et al (2003) report that in enabling sustainability to come 
forth, research emphasises the need for accuracy and completeness; businesses however, 
would like to have an easy to use, practical and cheap tool to assess their sustainable 
consumption and production. The authors suggest that the development o f a tool will 
therefore take some time and shifting from both sides.
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In order to demonstrate some of these issues for GHGs water use and waste reporting, 
Appendix 2.1 provides review and a summary of environmental reporting in annual 
reports and accounts (mainly 2010) for four important FTSE all-share companies that 
fall within the Food retail, wholesale and Hospitality sectors. All o f the four companies 
reviewed were large companies. Being in the FTSE index, these companies are likely to 
be under pressure to report environmental impacts. Many other Hospitality and food 
retail businesses will not be in the FTSE index, so have less pressure from shareholders. 
Even so, significant gaps in quantitative accounting and reporting were observed in 
three of the four reports in relation to GHGs, water use and waste. Please see 
Appendix 2.1 for the full reviews.
Beyond businesses own reporting, government and non-government organisations 
(NGOs) do collect and generate information on business GHG emissions, wastes and 
water use, see: Environment Agency (2002), NISP (2007), Environment Agency 
(2006), Thomas et al (2006), EMDA & FDF (2008), Defra & the Food and Drink 
Federation (2008a), BERR (2008), ONS (2003)”  and WRAP (2009). These data are 
generally heavily aggregated (by sector and/or geographically). Defra and the Food and 
Drink Federation (2008) seem to be an exception given the level of geographic detail 
they provide, but even here aggregation is still present in the published dataset. 
Interestingly in the latter study, the sector body/trade association keep track o f local 
actions of businesses through members. This is not always the ease however, 
particularly for waste and water^" .^
A few data sets are produced at highly disaggregated levels such as the National 
Atmospheric Emissions Inventory (NAEl 2009) and Defra (2009)^^ where individual 
businesses can be identified. These datasets, however only provide this detail covering 
larger businesses: the same detail is not provided with respect to small and medium 
sized enterprises (SMEs). A study by King and Tsagatakis (2006), does model carbon
Excel flies available on consumption o f  water resources by industrial sector for 1997/98 are available from this reference.
When it comes to large business, some o f  these firms will be involved in the EU emissions trading scheme or be covered by 
Pollution Prevention and Control regulations and so monitored more closely. However, small businesses are not covered by these 
schemes, yet their collective impacts are large. In 2002/3 commercial and industrial mixed waste was estimated to be 21,625,000 
tonnes in England (EA 2002). Research in the Waste Strategy for England (2007) suggests that 51% o f  mixed (unsorted) 
commercial waste that is collected occurs from small medium enterprises (SMEs). To re-iterate the need for collective actions by 
many organisations these SMEs exist, diffusely across the UK, as 4,460,760 enterprises (SMEs with less than 250 employees^ 
making up 52% o f UK turnover in 2006 (BERR 2008a).
It should be noted that this IPPC data is not available from this website.
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dioxide emissions by SMEs to detailed geographic location (local authority level and 
1km grids) but aggregation is still present especially with regards to sectors, and the 
study does not attempt to estimate emissions of individual businesses'^. Whittaker et al 
(2004) estimate waste for a range of businesses at a more detailed level than most 
available waste data, although estimates o f waste are still somewhat aggregated.
Beyond these data, a range of tools for estimating GHG emissions, wastes and water use 
for individual businesses are produced by the Environment Agency, Envirowise, 
Carbon Trust and others (including a tool by Carnegie Mellon University^^), but they 
tend to rely on individual businesses coming forward to use the tools. Often these tools 
do not enable estimation of indirect GHG emissions, wastes and water use. O f the most 
applicable and useful methodologies found (Foran et al 2005, Lenzen et al 2006, and 
Trucost 2008^^) for estimating indirect GHG emissions, wastes and water use of 
business, none of the methodologies are able to estimate for a large number of 
businesses in a specific area, without excessive and unrealistic amounts of time and 
cost, or a reliance on companies coming forward with data.
From the review it is clear that businesses ''en masse" are not currently reporting in a 
clear, consistent, comparable and transparent manner. A search of other sources of data 
from government and others reveals that there are gaps in the current data and tools 
available to estimate detailed and disaggregated emissions and water use estimates for 
individual business and groups of businesses in local areas. This is particularly the case 
for estimating GHG emissions, wastes and water use for smaller businesses.
2.5 Local action in climate change and waste management: The need 
for detailed GHG and waste estimation
At the same time as these gaps are apparent as observed in sub section 2.4, there is an 
increasing demand for action at a local level. In the Waste Strategy for England (2007), 
local authorities are encouraged to use their role as local community leaders in 
partnership with business, other local, sub-regional and regional public sector
^^Therefore, the methods o f the current study are overall somewhat different to the work o f  King and Tsagatakis (2005 -2006). 
www.E10-LCA.net
Detail on Trucost is taken from academic work done by Cummey (2008) for Trucost, the MSc work was supervised by Peter 
Victor and produced for Trucost.
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organisations and third sector organisations to attain à more integrated approach to 
resources and waste in their area. Local authorities will also soon be measured on 
sustainability actions. It is noted by Fudge et al (2011)^^ in areas, including Woking, 
Gateshead, Milton Keynes, and Leicester, that local councils have begun to initiate and 
regulate decentralized forms of energy distribution and supply, demonstrating workable 
alternatives to the UK’s traditional energy infrastructure.
In his essay Morris (2010), argues that the concept of ‘decentralisation’ is now right at 
the heart of the Government’s agenda. The idea of devolving power from the centre to 
individuals, local government and communities is now central to the reforming 
ambitions of the coalition government. James Morris (Morris 2010) is Conservative 
Member of Parliament for Halesowen and Rowley Regis. Whether his belief 
materialises remains to be seen, but certainly the current coalition government has the 
ambition of empowering local government around a range of issues.
Woking Borough Council in Surrey is producing their own Climate Change Strategy"^ .^ 
London also now has a London Climate Change Agency, Climate Change Action plan"^  ^
and its own sustainable development commission"^^. Similarly for waste, the London 
Waste and Recycling Board (LWaRB) was set up in 2008. The board is funding 
projects that will lead to reductions in waste arisings, waste going to landfill and 
schemes that derive energy from waste. Peter Jones of LWaRB recently stated:
"We have got a situation now where effectively what we want from  Defra is a material 
flow  mapping system because we have got to explain tonnages to them out there, we 
have got to explain CO2 impacts" (Westminster Energy, Environment and Transport 
Forum 2009).
The Waste Resource Evidence Strategy 2007 -  2011 (Defra 2007b) asks where it would 
make sense to integrate household and C&l waste streams. The same document states 
that there is a need to know the technical and economic feasibility o f such schemes.
Unpublished working paper for the University o f  Surrey UNLOCK project.
http://www.woking.gov.uk/environment/climatechangestrategy.
http://www.lcca.co.uk/
http://www.londonsdc.org/
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Ideally such an analysis would make use of detailed geographic waste arisings data, as 
the locations and quantity o f different waste streams arising will affect the economics of 
waste collection as well as the economic and environmental benefit to be achieved from 
applying a given technology.
Given the gaps in the literature in terms of efficient, consistent, comparable and 
transparent estimates of GHG emissions, wastes, and water use for businesses, there 
appears to be a need for a framework that will enable direct and indirect GHG 
emissions, wastes and water use estimates to be produced for individual or all 
businesses o f a specified sector, within a defined area. Producing these detailed 
estimates of GHGs, wastes and water use for individual business and groups of 
businesses will help enable local government, non government and business to take a 
lead towards GHG emissions, wastes and water use reduction. In practice, localities can 
become leaders, as they can be less constrained in leadership than central govemment"^^. 
Prospects for leadership could well improve under the current government as more 
power and decision making is handed to local government.
In order to develop the framework argued for in this chapter, studies and methods that 
may be of use in informing its development are now reviewed (section 2.6).
2.6 Review of methods of modelling business emissions and water 
use
2.6.1 Introduction
1
In this section, a review of the most relevant and useful studies found for informing the 
development of the proposed GHG, waste and water use estimation framework is 
conducted. The review assesses the potential application of past methods in the current 
project, and identifies what can be learnt for the development of the framework in this 
thesis.
Fourteen studies were chosen to review in detail. The studies identify a range of 
methods that inform the current project. The fourteen studies are shown in Table 2.1.
Stated by Professor Ian Christie, examples provided were those such as: Woking Borough Council in Surrey, producing their 
own Climate Change Strategy (http://www.woking.gov.uk/environment/climatechangestrategy).
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study
Criteria for seiection Method
Highly relevant methodology 
for estimating businesses 
emissions
Innovative 
methods/techniques and 
use of data that can be 
learnt from
Life cycie analysis of 
environmental input-output?
Detailed
review
Gerbens-Leenes et al (2003) yes LCA
Albino et al (2002 ) yes LCA and process 1-0
Xue et al (2007) yes LCA and material /process 1-0
Albino and Kuhtz (2004 ) yes LCA and process 1-0
Kytzia et al (2004) No Yes LCA process 1-0?
K agaw a et al (2007 ) No Yes Sector level EIO
Sinclair e t al (2005) No Yes Sector level EIO
Lenzen and Peters (2010) No Yes Sector level EIO
M atthews and Lave (2003) Yes Sector level EIO
Foran et al (2005) Yes Sector level EIO
Lenzen et al (2006) Yes Sector level EIO Yes
Trucost (2008 ) Yes Sector level EIO Yes
Bradley and Jackson (2007 ) Yes Sector level model Yes
King and Tsagatakis (2006 ) Yes Sector level model Yes
Table 2.1; Studies chosen for review, based on selection criteria and methods
applied.
The studies listed in Table 2.1 were chosen due to having highly relevant methodology 
for business emissions estimation or innovative methods and data that can be leamt 
from. The table also identifies the type of methodology applied and whether a detailed 
methods review is conducted (far right column). Based on the high level o f relevance of 
methods to the current project, four studies receive a detailed methods review: Lenzen 
et al (2006) and Trucost (2008), Bradley and Jackson (2007) and King and Tsagatakis 
(2006).
Each study in Table 2.1 is reviewed in detail in section 2.6.3, 2.6.4, 2.6.5, 2.6.6 and 
2.6.7, key themes are then drawn out later in the chapter. The key themes are as 
follows: resolution and focus of each study (Section 2.6.8); advantages and 
disadvantages of methods and data applied (Section 2.6.9), and how CLARE relates to 
the key themes and literature (section 2.6.10). This helps establish what CLARE 
actually does in the context of the literature. Critical discussion is provided at points 
when looking at each study in detail, but also when discussing key themes.
Although EIO is the predominant area to which the current study relates, the field to 
which nearly all methods and data (of studies) o f the review can be identified in some 
form or another is the field of life cycle analysis (ECA). For this reason, before 
reviewing relevant studies, a brief introduction to LCA is provided as this allows one to 
position the review.
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2.6.2 Life Cycle Analysis
In the Publicly Available Specification 2050 (PAS 2050), life cycle assessment is 
defined as: compilation and evaluation of inputs, outputs and potential environmental 
impacts of a product system throughout its life cycle^" .^ Finnveden et al (2009) 
distinguish between two types of LCA, attributional LCA and consequential LCA"^ .^ 
According to them:
"Attributional LCA is defined by its focus on describing the environmentally relevant 
physical flows to and from a life cycle and its subsystems. Consequential LCA is 
defined by its aim to describe how environmentally relevant flows will change in 
response to possible decisions"^^" (page 3 Finnveden et al 2009)
Finnveden et al (2009) site Curran et al (2005) with regards to Consequential LCA. 
Most of the studies looked at in this review fall into one or both of these categories. 
However, there is a caveat with using LCA or LCI as the theoretical overview: 
Finnveden et al (2009) note that the unique feature of LCA is its focus on products in a 
life-cycle perspective. Most of the studies in this review however, have a business 
focus.
Although this is so, LCA has been pioneered for taking account of supply chain impacts 
which is extremely relevant to nearly all studies reviewed. Additionally most of the 
core methods and data used by studies reviewed, can be found within the LCA 
literature, this helps when reviewing the pros and cons of various studies. Also, the 
majority of studies reviewed relate to business. Environmental impacts of businesses 
are generally heavily related to the goods and services they provide. For these reasons 
LCA is chosen as the appropriate field from which most core methods and datasets can 
be related and informed.
Life Cycle Inventory analysis, is most appropriate to many o f  the studies reviewed. Life cycle Inventory analysis (LCI) can be 
classed as a phase o f  Life Cycle Assessment in which the compilation and quantification o f inputs and outputs is conducted for a
given product system, throughout its life cycle (Suh and Huppes 2005).
Other authors have also made similar distinctions in the past;
Attributional LCA typically does not describe how the resource uses and emissions o f a sector are affected by possible decisions,
where as using consequential LCA this is possible.
42
In LCA various approaches are available to conduct attributional LCA and 
consequential LCA. The two dominant approaches are ‘bottom up’ and ‘top down’ 
approaches, studies can be classed by the approaches that they take. ‘Bottom up’ 
studies tend to collate and aggregate up actual data and variables from entities to 
provide information about entities, areas, regions, or nations etc. ‘Top down’ studies 
however, use available (usually already collected and often published) bottom up survey 
data with methods that enable estimation of impacts for an entity, area, region or nation 
etc.
All studies in this review fall into the category of either ‘bottom up’ or ‘top down’ 
studies or use methods that fall between these classifications. ‘Bottom up’ studies quite 
often use very detailed data defined by processes where as ‘top down’ studies quite 
often use more aggregated data from government published statistics and surveys.
There are various strengths and weaknesses associated with the different approaches 
and these will be discussed in the review. In the LCA literature quite a number of 
authors combine ‘bottom up’ and ‘top down’ approaches in order to strengthen both 
approaches (Suh and Huppes 2005 and Finnveden et al 2009). This is called hybrid 
LCA. Butnar (2010) notes that the first combination of process-specific data with 10 
average data was suggested by Bullard et al (1978) in the field o f energy analysis. 
Moriguchi et al (1993) is said to have pioneered the usefulness o f the approach"^^.
Suh and Huppes (2005) and Finnveden et al (2009) provide descriptions of three 
different types of hybrid LCA"^ :^ Tiered-hybrid"^^; IQ-based hybrid approach^^ and
integrated hybrid approach^ \  To see more detail on these approaches, see: Suh and 
Huppes (2005), Finnveden et al (2009) and Butnar (2010). Although relevant, the
Noted in Finnveden et al (2009).
Finnveden et al (2009) state that although Moriguchi et al (1993) pioneered the usefulness o f  these hybrid techniques, it was not 
until the late 1990s and early 2000 that hybrid LCA became widely acknowledged by LCA practitioners.
With regards to the Tiered-hybrid, Finnveden et al (2009) indicates that using the tiered-hybrid the main processes are analysed 
in detail using process data (and LCA), while remote, far upstream flows connected to the main processes makes use o f  lOA (key 
studies sited are Moriguchi et al (1993), Treloar et al 2000 and Suh and Huppes 2002).
This type o f  hybrid LCA approach entails disaggregating a sector o f  an 1-0 table into products or sub sectors enhancing the
disaggregation and resolution o f analysis. Finnveden et al (2009), points to the work o f  Joshi (2000), following this study this 
hybrid LCA approach involves making changes to the fundamental structure (A matrix) o f  EIO models.
The third type o f  hybrid approach, uses process data in matrix form with EIO. Being in matrix form, it is consistently integrated
into one framework.
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review is not about hybrid LCA but methods applicable to CLARE. Therefore, the 
review will only consider and discuss hybrid LCA when appropriate in the review.
2.6.3 Overview of the studies
This section focuses on communicating what each of the 14 studies attempt to do and 
approaches used. We group the studies broadly into the four groups. Firstly we look 
‘Bottom up’ studies (conducting estimation from the ‘bottom up’). We then look at ‘top 
down’ environmental input-output studies which can estimate emissions attributable to 
nations^^, regions and individual businesses (and sectors) and other entities. We group 
these ‘top down’ EIO studies into two groups as follows: ‘top down’ household EIO 
studies and ‘top down’ business EIO studies. The reason for looking at household 
studies is either due to their innovative use of various datasets and/or because of 
qualities relating to EIO modelling at relatively high levels of spatial resolution. The 
fourth category o f studies looked at are the ‘top down’ business non-EIO studies.
General reviews are provided for the following ‘bottom up studies’ : Gerbens-Leenes et 
al (2003), Xue et al (2007), Albino et al (2002), Albino and Kuhtz (2004), Kytzia et al 
(2004).
General review is also provided for the following ‘top down’ household EIO studies: 
Kagawa et al (2007), Sinclair et al (2005) and Lenzen and Peters (2010).
For ‘top down’ business EIO studies a general review is provided for Matthews and 
Lave (2003), Foran et al (2005), Lenzen et al (2006) and Trucost (2008)^^; the latter two 
also have a detailed methods review.
For the ‘top down’ business non-EIO studies: Bradley and Jackson 2007 and King and 
Tsagatakis 2006; a general review and a detailed methods review are provided for both.
Attributional analysis is the norm in these studies.
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2 .6 .4 ‘Bottom up’ studies
The ‘bottom up’ (defined in section 2.6.3) studies are now briefly summarised. All 
studies in this category rely on the use o f process data as the ‘building blocks’ to 
estimation.
Gerbens-Leenes et al (2003), develope a methodology for estimating the sustainability 
of processes for a company and how to aggregate estimates to extend the boundary o f 
the system. The study is said to be the first to measure the environmental sustainability 
issue in food chains and systems using a global perspective and measured in an 
integrated way.
Xue et al (2007) develop an EIO model capable o f looking at different boundaries; the 
process level and manufacturing system level. This model can assess how changes at 
the process level affect the larger system, something many other studies do not do. A 
key focus of the modelling is on the transformation of substances and materials from 
one form to another. The model is applied to a case study of steel making.
Similarly, Albino et al (2002) produce an input-output based approach in order to look 
at flows of production processes at different scales, either at a whole global supply 
chain or part of a supply chain. It is argued that the models can help improve and 
amend design and management o f supply chains. From changing supply of energy or 
product design, the model can estimate environmental gains over time as a result of 
changes in technology, processes or industry structure. Energy and material flows are 
examined.
As with the studies above, Kytzia et al (2004) also illustrate a predominantly ‘bottom 
up’ modelling approach but to look at food supply chains. The study aims to look at the 
causal relationships between economically motivated hurrian behaviour and resource 
consumption. The focus is to analyse both material flows and monetary flows for the 
same system boundary (without changing system structure). They rely on generating 
physical accounts as the starting point to moving towards this objective. A key part of 
the paper is the evaluation of the feasibility o f such an approach.
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Albino and Kuhtz (2004) look in more detail at a specific enterprise and its supply chain 
in what they call an enterprise input-output model (based on the Albino et al 2002 
model). The methods are applied to enable an accounting tool, and secondly the model 
is applied as a decision support system. A full review for each study is now provided.
Gerbens-Leanes et al (2003)
The work of Gerbens-Leenes et al (2003) focuses on food production systems. The 
paper has three aims: the first aim is to review methods that describe and improve 
environmentally sustainable business practices; the second relates to identifying 
important global issues relevant to food production from the perspective o f maintaining 
natural capital needed for society to function properly. The third aim is methodological 
and therefore of most relevance to this section, therefore we focus on this. The third 
aim is described as follows (Gerbens-Leenes et al 2003, p. 233):
"to design and develop a measuring method based on a small set o f  system indicators 
that address the main environmental impacts o ffood  production."
The approach developed is as follows: the main environmental issues on a global level 
are firstly described; secondly a small number of indicators to measure these issues are 
chosen and thirdly a method of aggregating of process level data to the level of 
company and finally to the total production system is presented.
The review here mainly focuses on the actual measurement methods as these are most 
relevant.
Starting with the determination of main environmental issues and indicators, this 
required literature review to select a small number of environmental sustainability 
indicators that address the main issues relevant to food production that occur on a global 
level. Based on their review, they decided to use the following indicators: energy (E), 
water use (W) and land use (L). An issue that the current author notes in relation to 
choosing energy use as an indicator is that this does not identify the environmental 
sustainability impact associated with different forms of energy use (e.g. coal, gas, wind 
etc.).
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Before introducing the bottom up measurement approach however, it is important to 
identify the system boundary that the study applies. Figure 2.2 below identifies the 
system boundary for the measuring system.
Food Production Chain Supporting
Network
Food Processing 
Industry
System
Boundaiy
-  Transportation
Waste Handling
Trade and 
Retailing
Consumer
Crop Production
Livestock
Production
Power Generation
Banldng, 
Marketing and 
Insurance Industry
Piimary
Extraction
Industry
Figure 2.2: System boundary put forward for the measurement system (source:
Gerbens-Leenes et ai 2003, p 234).
With regards to the system boundary used by the measurement system put forward by 
the paper, the authors state (p. 234) that:
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''The purpose o f  this paper was to design and develop a measuring method fo r  
environmental sustainability in fo o d  production systems. Consumption, waste handling 
and supporting network, therefore, fa ll beyond the scope o f  the study because the 
application o f  the method is targeted to company performance.^^
Although this is stated, early on in the paper the issue o f system boundary is highlighted 
as important. In Figure 2.2 it can however, be seen that some very important impacts 
are not accounted for in the proposed measurement system, such as the environmental 
impacts o f electricity use. It is also clear that an economy wide perspective is not 
captured by such an approach. These are major limitations of the approach. Matthews 
et al (2008), amongst others identify the issues in not taking account of the whole 
supply chain when assessing the environmental sustainability o f businesses, as it can 
lead to footprint estimates by organisations that can be substantially incomplete. The 
approach would not be sufficient for the framework envisioned for the current study as 
all upstream indirect emissions need to be captured using the same system boundary to 
enable the comprehensive and comparable qualities required of the framework. Moving 
on from the system boundary described, the actual bottom up measurement approach 
suggested is described in the three steps of Figure 2.3 :
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Economic OutputStep 3 
Level three: Processes 
in Webs
Step 2 
Level two: Processes 
in Chains
Use of E, W, Lpcr 
Process per Year, 
Ener^ Required 
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Level one: Processes 
in Companies
Resource use 
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Resource use 
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Steps and System 
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Direct + 
Indirect 
Resource use 
per Company
Direct+ 
Indirect 
Resource use 
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Physical Inputs, 
Indirect Use of E, 
W, Lper Unit of 
Physical Input
Figure 2.3: Overview of bottom up approach advocated by Gerbens-Leenes et al
(2003, p. 243).
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Gerbens-Leenes et al (2003) estimate energy, water and land use at the process level 
and aggregate up to estimate for companies (step 1) and the entire production system 
(step 3). They identify that step one involves the calculation of direct energy, water and 
land use for a specific company in the given year. With regards to this step they state 
(p242) that:
"Energy use is converted into primary energy use, or in the case o f  renewable energy, 
into land and water use. Data on basic materials used and on energy and water inputs 
are taken from  the economic data o f  the companies concerned'
The current author notes however, that if  taken from economic data, then this seems to 
contradict the process level data and approach (although this seems just to be the case 
for energy).
Step two is said to bring together direct resource use per company per year but also 
resource use in what they call the ‘preceding chain links’ which the current author takes 
to be embodied resource use. It is stated that such data must be collated from suppliers. 
It is not altogether clear why the method looks at resource use, as this was not one of the 
key indicators -  unless they refer to resource use as energy, water use and land use, 
which is believed to be the case from reading. From looking at methods and equations 
this is calculated on a product basis and aggregated to a company.
Step three is said to apply an LCA allocation methodology, whereby resource use is 
assessed per kilogram of a given food type. In doing this, it is said that one divides total 
direct and indirect resource use by the food product according to its economic value. 
This later part of the method is not clear and somewhat confusing, but it is clear that 
they end up with the specific requirement for a given indicator per kilogram of physical 
output of a product of a given type. A flow chart and calculation example is provided 
for French beans based on earlier work. This approach would not be applicable for the 
Hospitality sector in the current study as product level data is not readily available and 
cannot easily be estimated for businesses of concern.
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Moving on from the methods, discussions are conducted and some useful points made. 
For measurement methods in particular Gerbens-Leenes et al (2003) state that there are 
three important constraints: it must be simple, easy to use and must provide relevant 
sustainability information.
The conclusions of the paper provide summary information of some of the key findings 
o f the paper around company reporting and the measurement methods developed, 
including indicators suggested. It is concluded that although the methods developed are 
for assessment o f food production on the basis of environmental sustainability, the 
concept has wider applicability. Although this is said, there are clearly limits to 
extension to some sectors such as Hospitality.
An additional point to be made is that the paper is said to focus on environmental 
effects of companies’ operations that contribute to the production of final food, on a 
global scale. Although much is made of this global style of analysis, the approaches 
put forward are predominantly localised and ‘bottom up’, so to achieve a truly global 
analysis would require very large amounts of consistent localised data collections across 
countries, especially where the ‘system boundary’ increases.
Xue et al (2007)
Xue et al (2007) present a method for generating EIO models at different spatial scales 
for entities such as manufacturing systems, manufacturing plants or a company. Xue 
et al’s (2007) approach is to produce 10 models of material flows of one process at a 
time and aggregate up the models to increase the coverage from a process to a company 
and towards a manufacturing supply chain etc. The approach is quite engineering 
based and this comes through in the modelling approach taken, with has a heavy focus 
on actual materials and substance flows and changes and transitions that result from 
processes.
Due to the focus being most dominantly on material flows of manufacturing systems, 
the introduction to Xue et al’s (2007) paper provides a review and some description of 
material flow analysis. Early on it is stated that material flows analysis is one way of 
characterising a manufacturing process. They state (p. 1349) that:
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"Material flow  analysis identifies the amounts o f  inputs and outputs associated with a 
process and then relates the inputs and outputs to provide a mathematical model that 
can he used to explore opportunities fo r  reduced environmental impact. To establish an 
input-output relation, it is preferable to formulate a mathematical description based on 
physical, chemical, and other natural laws ”.
They go on to state that (p. 1350):
"Unfortunately, it is often the case that there is insufficient knowledge or process 
information to develop a mechanistic model o f  a manufacturing process. However, in 
practice, such a mechanistic understanding o f  the process may not be need; this is 
especially true at the beginning stages o f  environmental process improvement, when a 
simple, tractable model may be sufficient to identify opportunities fo r  reduced 
environmental impact."
The paper provides some history of the traditional uses o f I-O and EIO (mainly in 
economics) and goes on to identify that such approaches have also been used to 
characterise environmental impacts of manufacturing processes (more engineering 
based). The paper then describes the approach that they take.
Using their approach they generate a material 1-0 model for each manufacturing process 
(termed process level 1-0 models). In order to develop each of the models, an input- 
output table is developed for each process as opposed to an economy (in standard 10) or 
a supply chain (as is later seen in Albino et al 2002).
The table by Xue et al (2007), is based on physical flows o f materials and the focus is 
on the transitional changes in materials when used in a process. For this reason, instead 
of having a sector by sector account, as in economic 1-0 tables or a process by process 
account (as later seen in Albino et al 2002), the approach applies a material by material 
account. This is shown below in Table 2.2, where Mi to Mm are different types of 
materials.
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Outputs
Mx* Yx « * • 7„
Inputs 2n ^12 H'll • « » Wi n
221 % W2I . . . W ^,
^11t\ i^m2 W„,i • « %
Table 2.2: Input -  output transactions for a process (p. 1351 Xue ct al 2007)
In the example above material inputs (by type, 1,2,3 etc) are seen on the left and material 
outputs (of type 1,2,3 etc) are seen on the upper level of the table. Xue et al (2007) state 
that material inputs to the process are distributed across the outputs, for example zn 
represents the amount of material M\ that remains as the original material form 1. Z12 
represents the amount of material 1 that is transformed into material 2 (when used in the 
process). It is said the W21 to W2n shows the proportions o f the substance converted into 
new materials Y\ to 7n (beyond M\ to Mn material inputs).
Table 2.3 clearly describes the 1-0 transactions table for a process with real numbers.
Steel NaturtJ 
gas
Air H2 O Acid Oils Tools Paint Scrap 00% Waste
chemicals
Waste
paint
Salt' Mist Waste
H2 O
Steam Total
Steel 37.500 2500 40.000
Natural Gas 2000 2000
Air 3500 2250 5750
Water 300 28.000 1700 30,000
Acid 1450 200 50 1700
Ofls 200 200
Tools 200 - 200
Paint 12.31 0.62 12.93
Total 37.500 0 0 0 0 0 0 1231 2700 5500 1650 0.62 200 350 28.000 3950 79.862.93
Tabic 2.3: Input-output transaction for manufacturing of a frame (units: kg) as
seen in Xue ct al (2007 p.l53).
As described, the 1-0 table is different to the monetary equivalent. The 1-0 modelling 
used is also somewhat different as the number of process inputs is not necessarily the 
same as the number of process outputs (although overall mass should be the same), as 
some substances are transformed into different substances by the process. To reflect 
these substance level changes, in addition to the usual variables in the input output 
equations, (e.g. final demand, the Leontief and output etc.) an additional matrix is 
applied that relates newly generated substances (by the process) to other variables. 
This is quite an important characteristic o f this model as it allows one to observe new
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materials and substances that result from the process. More specific detail and 
equations can be seen in the study.
Once 1-0 equations are established in the methods section, the paper then introduces the 
case study for the paper: application o f aggregated material input-output models to 
identify waste minimization and resource reduction opportunities. Results are provided 
and discussions and conclusions are then drawn. In the latter section, caveats relating to 
the model are discussed. For example, it is identified that a more complex model may 
be required where non-linear input-output relations exist. Conclusions on uses and 
services that the model can provide are then discussed. A key role of such a model 
seems to be in identifying potential process and material related opportunities for 
reducing the environmental impacts of manufacturing systems. A very brief summary 
of the innovations provided by this model are then provided. Although a very useful 
model, estimation is conducted in a very detailed way, to a level beyond that required in 
the current study. To apply such a detailed approach to every business o f a sector in an 
area would entail huge data demands and time. Likewise it would be very difficult to 
achieve estimation of full economy wide impacts.
Albeno et al (2002)
This paper presents a method of modelling the energy use and materials of local and 
global supply chains. The introduction to the paper sets out the literature around supply 
chain management and analysis and they identify different types of uses o f such 
analysis as well as the use of input-output analysis in undertaking such a task. The 
authors refer to Bowersox and Gloss (1996) and make the following comment (page 19):
"The basic notion o f  supply chain management is grounded on the belief that efficiency 
can be improved by sharing information and by join t planning"
The importance of supply chain management to the competitiveness of a firm but also 
an overall supply chain is clearly identified, emphasis is made on the fact that 
competitiveness is played out largely at the level of the supply chain as opposed to a 
firm.
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The authors identify the importance o f taking a spatial and location based perspective 
when looking at supply chains for both economic and environmental reasons, for 
example when investigating the sustainable development of a local area.
Albeno et al (2002) state that to enable supply chain analysis, supply chain modelling is 
essential. In their paper, they present models to represent and analyse global (all 
processes) or local (processes within an area) supply chains based on looking at 
company processes (as opposed to materials in Xue et al 2007), and their relationship to 
one another in a supply chain. Like Xue et al (2007) however, the models are 
generated using process data. The focus is more on processes and supply chains, as 
opposed to materials and their transitions in the manufacturing system. Albino et al 
(2002) model many processes in one model at one time, as opposed to one process at a 
time in Xue et al (2007).
Such models are said to be applicable for accounting and also as design tools (e.g. 
considering new scenarios). They apply the models to the case study o f the supply 
chain for a firm located in an Italian district. The models are said to be useful for 
accounting and planning activities.
The unit of analysis for the modelling are based on flows of mass as opposed to money. 
Flows of mass are organised in an input-output table, somewhat similarly to 
conventional money flows in monetary I-O.
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Production processes
B D H
Production processes Production and intermediate consumption o f main products (Zj)
Final
output/
Total
demand
Y,
A Zaa 0 0 0 0 0 0 0 0 0 Ya
B Z ba Zbb 0 0 0 0 0 0 0 0 Yb
C 0 ZcB Zee 0 0 0 0 0 0 0 Yc
D 0 0 Zpc ZpD 0 0 0 0 0 0 Yt>
E 0 . Zeb 0 0 Z ee 0 0 0 0 0 Ye
F Zfà 0 0 0 0 ZpF . 0 0 0 0 Ye
O 0 0 0 0 0 ZoF Zgg 0 0 0 Yo
H 0 0 0 0 0 0 Zho Zhh 0 0 Yh
B' Zb'a 0 0 0 0 0 0 0 Zb'B’ 0 Yv
C 0 ZcTB 0 0 0 0 0 0 0 Zoo Yo
Types of purchased Inputs Materials and energy purchased inputs (f^ ) Pk
1 PlA 0 0 Fid 0 0 0 Pm PlB' 0 P i
2 0 P2B 0 Ptd Pte Fjf 0 0 0 0 P2
3 0 0 Pjc 0 0 0 P30 P3K 0 P30 P3
Types of by-product and waste By-product and waste outputs (1%) Wk
1 WlA 0 0 0 0 0 Wia 0 0 0
2 0 0 WiD 0 WiP 0 0 0 0 W2
Gross output of main products (^ Xj - Z f )  Xa Zb Zc Zd Ze Zf Zg Zu Zn> X a
Where: Ztj= production (for i=j) and inter-mediate consumption o f  main products; Xi is gross output o f main products i etc ; 7; is 
final output o f  main products i etc; Wy is the output o f  by-products and waste type k due to the j*  process
Table 2.4: Material/energy balance supply chain of the global supply chain
(Albino et al 2002, p. 123).
Table 2.4 shows flows between processes (a process input-output table) as opposed to 
sectors in monetary I-O tables. The table has three sections. The first section 
(somewhat similar to I-O monetary tables) provides the main product output flows 
between processes - the output of a process is the input flow o f another process. The 
second section details the material (by type) input flows to each process, and the third 
section of the table describes material outputs (including flows o f products and waste).
From such a table, standard I-O equations that allow one to determine output resulting 
from a given level o f final demand are presented. A set of basic equations that show 
how one can then estimate consequent purchased inputs (by material type), as opposed 
to main product output, is described as well as how to estimate by-product outputs (e.g. 
waste etc) resulting from a given level o f system wide output (ultimately the result o f 
final demand). What is developed is an input-output process model -  which can 
investigate the flows of processes of an entire global supply chain, given data 
availability.
In order to define between local and global impacts, the set of production processes of a 
supply chain may be marked out (by partitioning into different subsets) as local (within 
a defined area) or global. As a result o f doing this it is stated that (Albino et al 2002, 
p.124):
"Only the flows inside or across the geographic boundary are accounted fo r  in the 
model with particular attention to the notation. In fact, two different purchased inputs 
are considered in the local supply chain case: purchased inputs o f  raw materials Pjg 
(for j=A, B, E, F, G, C  and k=l,2,3) and inputs o f  main products originated by other 
processes belonging to the supply chain but not located within the area."
It is said that based on the local supply chain, a similar materials/energy balance table 
can be completed, similar to Table 2.4, but for a local as opposed to global supply 
chain. An illustration of this is provided in the paper. The local model is based on 
using the slightly altered model equations and is developed and used based on the 
localised table. More details can be seen in the study itself.
The paper then goes on to explore a case study arround leather production. Results are 
presented for energy use etc. for the local and global supply chain and local and global 
materials/energy balances are provided. In the conclusion of the paper, a brief overview 
description of the model developed is provided as well as the summary o f case study 
results.
Although the model is stated as being useful for planning activities, ideally planning 
activities require estimation for many businesses in an area, and ideally a 
comprehensive and comparable account across businesses that can enable optimum 
strategy and policy support. Such a detailed approach, as Albino et al (2002) advocate, 
may work in planning by an individual business and its supply chain, but it is not 
practical in use for local area accounting, planning and strategy across many businesses 
within an area.
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Kytzia et al (2004)
Kytzia et al (2004) introduce a method which they term to be economically extended 
material flow analysis (EE-MFA) that is said to combine MFA with monetary lOA. It 
is stated that the development of such a model is generally based on the idea of material 
and money/cash flow analysis in a combined manner presented in Kytzia 1998, Pesonen 
1999 and Faist 2000 (as seen in Kytzia et al 2004). Such an approach reduces some of 
the issues of technically orientated MFA (which suffers from a focus only on the 
physical) by showing inputs and outputs also in monetary flows and without changing 
the system structure. The advantage of doing this is that monetary flows can be related 
to economic as well as social structures more easily, where these can be particularly 
important in driving physical resource use.
Referring to the work of Graedel (1996) and Bringezu (2000), Kytzia et al (2004) state 
that material flow analysis is:
“a method of investigating flows of specific materials through an economic system in a 
specific geographic area during a certain period of time”
Amongst others, the work presented seems to build on the work of Duehin (1992) that 
transform a physical 10 analysis into monetary 10 analysis and Kandelaars (1999 p.48) 
who observe that:
“MFA may be considered as a physical lOA for one material. In principle, MFA for 
various material flows may be aggregated to obtain a physical lOA for various 
materials.”
The methods section shows how the physical input-output system (once achieved), can 
be transformed into a monetary input-output system with the same system boundary. 
To enable the transformation, the price model in Leontief s static I-O modelling 
framework is applied. A set of input-output equations (which include a vector o f output 
prices and a vector of primary inputs) then show how physical data, in conjunction with 
price data, can be used to generate equivalent flows in monetary terms that directly
57
relate to physical flows. The ability to show physical flows of pollutants is also shown 
in equations.
Kytzia et al (2004) point out that the feasibility of such an approach has not been 
investigated in practice, the paper attempts to address this. A benefit o f such an 
approach is that it avoids biases that can be encountered (as a result o f relative price 
variance etc.) when generating physical flows from monetary flows.
The authors apply their model to the ease study of a food production chain in 
Switzerland and results are explored and some important insights provided. In the 
discussion section of the paper, the advantages and disadvantages of the model are 
discussed. It is shown that for examining some parameters, models such as the one 
developed can provide insights. This is particularly the case where relative price 
changes can lead to misleading results in alternative models that do not firstly base their 
analysis on physical flows. A major benefit o f the model is the ability to 
comprehensively look at physical and monetary flows together. For some situations 
where physical data was missing, the model was used to estimate physical flows based 
on monetary flows. This is said to contribute to a larger data pool for future MFA.
The study collects physical data at the level of technical process and aggregate up. This 
can however, have serious implications on time and money required for such analysis. 
This is clearly pointed out as a major issue by the authors and is a significant 
disadvantage of the methodology in providing the detailed yet comprehensive 
estimation framework required in the current study. Such a method can therefore only 
be applied for smaller systems as opposed to whole economies. This therefore implies 
limitations in terms of a requirement for shorter system boundaries, this is a major 
limitation.
Albino and Kühtz (2004)
The introduction o f the research by Albino and Kühtz (2004) is mainly devoted to 
communicating the importance of sustainability at the local level, they state (p. 165) 
that:
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“zY is becoming evident that sustainability targets are best pursued within the confines o f  
a local area. ”
A focused discussion on the role of business in bringing about local sustainability is 
then provided. They then go on to cite Renn et al (1998) in relation to sustainability at 
the local level and identify that there is a lack o f quantitative approaches at this level. 
They then discuss the importance o f integrated energy economy type models for 
assessing sustainability, as recognised by Ayres (1978). The importance of accounting 
and forecasting models in the planning of material and energy flows for firms and local 
areas is also identified. The authors then make reference to Albino et al (2002) and their 
development of such models. The paper builds on this earlier work to focus on 
modelling at the level o f enterprises and their supply chains.
It is said that the paper intends to provide a case study application of enterprise input- 
output techniques to investigate the supply chain of an Italian tiles manufacturer. The 
authors suggested that such a tool can be used for planning, scenario analysis, 
generation o f quantitative data and management for the firm. Secondly it is pointed out 
that the process 1-0 model is used to look at industrial districts, although actually they 
just focus on the case study within the district.
In the background section they cite their earlier work and define that using their process 
based analysis, one can look at local level and micro level analysis of a single company 
and more aggregated analysis of the whole district. It is pointed out that the former (as 
conducted in this thesis) aids single company decisions. It is argued that the latter 
analysis can help in deciding and assessing management policies involving owners of 
different processes on joint decisions and local infrastructure enhancement and resource 
efficiency.
Although this is stated, the methods used in Albino et al (2002) and Albino and Kühtz 
(2004) would be extremely time and resource intensive for examining many or all 
businesses in an area, due to modelling and acquiring of data at the level o f processes 
(and then aggregating up). This limits the ability of the models for use in policy 
planning of infrastructure, support and strategy to help businesses at the local level.
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Using this framework, it would simply not be possible to achieve the detail of 
estimation as well as the business coverage that can allow engagement, prioritisation 
and mapping properties that are desired o f the framework in the current project. It is 
also not clear that the approach would achieve an economy wide approach to estimating 
all upstream impacts, as process data is applied as opposed to detailed financial and 
environmental sector level accounts.
A summary of details relevant to the case study is then provided before introducing the 
methods for the study. The methods section provides a summary of 10 and cite the 1-0 
approaches that they use in their model based on the work of Lin and Polenske (1998) 
and Albino et al (2002). They present the earlier process 1-0 model of Albino et al 
(2002) and the input-output process model for a company.
Once methods have been explained the ease study is explained and examined via results 
in a physical balance table for a company. The benefits of process level modelling are 
then made clear e.g. in helping aid decisions on input mix required in order to meet 
environmental criteria, evaluating changes in purchased energy with changes in final 
demand amongst other uses.
In the conclusion section, the authors argue that although the importance of 
sustainability for local companies and political institutions at the local level is growing, 
there is still a lack o f simple to use tools for analysis for a single company (micro level) 
to inform company decision making that is consistent with its sustainable development 
strategies. The conclusions stress the importance o f the model as an accounting tool, 
and they refer to the balance tables developed, which identify clearly and effectively the 
physical flows for a company which can help in assessing firm level impacts on the 
local area. It is stated that case study estimates from the model can be used for 
benchmarking for similar firms in the same district or area. Based on the work 
presented, it is said that the generated tables are a tool that is handy for use by managers 
and public administrators to monitor firm performance and in planning local sustainable 
development actions. However, the study only looks at one company, so a huge 
amount modelling effort would be required when wanting to use such a tool to prioritise 
many different companies within an area. As stated earlier, achieving coverage for
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planning and prioritisation, and mapping properties is unlikely to be possible with sueh 
a framework. The model seems to be of most use to aid an individual company’s 
detailed accounting and modelling of its own direct and indirect impacts, and less for 
local area policy and strategy for engaging and supporting businesses.
All o f the studies considered in this section are o f an ambitious nature, seeking to look 
in great detail at individual entities, but at the same time looking at detailed impacts and 
flows in the context of the wider system and its impacts and flows. It is believed that 
the different methods proposed could in general be used for attributional analysis and in 
some situations consequential analysis (e.g. Xue et al (2007). Applying ‘bottom up’ 
approaches (as these studies do) to analyse beyond individual entities can provide high 
detail and improve accuracy of estimates^"^. Very few of these studies however, 
identified the resources and time involved in order to undertake such analysis to the 
levels described, and reliability and robustness of outputs achieved. For practitioners in 
the ‘real world’, these issues are critical in determining uses of sueh approaches.
2.6.5 ‘Top down’ household EIO studies
In this section, we look at studies applying sector level EIO methodology with national 
or regional datasets. The studies are o f interest due to innovative use and combination 
of datasets as well as relatively high spatial resolution. We now provide a brief 
summary of each study.
Sinclair et al (2005) develop an integrated regional material flows accounting 
framework to look at household resource flows for any UK region. The focus is related 
to households, individual impacts from products and socio-economic groups. The 
latter study and Kagawa et al (2007) are included as they are good examples o f using 
innovative methods for integrating different datasets.
Kagawa et al (2007) investigate the spatial repercussion effects of waste treatment and 
management in regions. They look at how household consumption in one region effects 
waste and its management in other regions. The objective of their paper is as follows:
In practice however, it can be extremely difficult to generate enough robust data, as data collection requirement are high when 
analysing at the wider system level beyond an individual entity.
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''to theoretically connect the well-known Waste Input-Output Analysis (WIGA) and the 
System o f  National Accounts-based waste flow  approach by considering the production 
activities o f  goods and waste disposal industries and to demonstrate the advantage o f  
the connection by performing the empirical analysis using rich 1995 multi-regional 
waste make-use datai' (Kagawa et al 2007, Page 143)
Lenzen and Peters (2010) developed an EIO model that estimates the spatial impacts of 
household consumption on the production of environmental impacts below the regional 
level, for what they term to be statistical local areas (SLAs^^), of which there are 1400 
in Australia. Whether these areas are any smaller spatially than regional modelling of 
Sinclair et al (2005) is discussed later in the section. The authors however, demonstrate 
how household consumption within a city has environmental impacts that occur 
spatially (to the level o f statistical local areas) across the county. To do this, the 
research makes use o f localised databases of industry environmental impacts (amongst 
other datasets) with EIO frameworks. The study is similar to the current study, but is 
more aggregated in its estimation and focuses on households as opposed to business. 
Now that a brief summary has been provided, each study is looked at in more detail.
Sinclair et al (2005)
Sinclair et al (2005) develop a variant o f a multi-regional model that incorporates very 
detailed regional product trade data. The model measures material flows attributable to 
household consumption and can be applied to investigate many environmental issues 
relating to consumption. They term the model an integrated regional materials flows 
accounting framework. The model is developed for UK regions.
The paper begins with a discussion of the need to reduce direct and indirect waste and 
material flows and goes on to identify that, as a result o f this, accounting frameworks 
for waste, materials and resource flows are becoming more important. Some examples 
of efforts to collect relevant regional data in the UK are then highlighted. At the end of 
this discussion, Sinclair et al (2005, p.70) state that as yet:
The Australian Bureau o f statistics state that “SLAs are based on the boundaries o f  incorporated bodies o f  local government 
where these exist. These bodies are the Local Government Councils and the geographical areas which they administer are known as 
Local Government Areas (LGAs).”
(http://www.abs.gov.aU/AUSSTATS/abs@.nsf/66D06f503e529a5ca25697e0017661f/50F6E014E67EBB7CCA256F190012793)
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"no integrated model has been proposed that is capable o f  either mapping or predicting 
regional flows o f  waste, materials, and resources on a disaggregated basis. Neither 
does one exist that links these flows to regional and national economic accounting 
data."
It is then said that the study provides a preliminary attempt to deal with some of these 
omissions. The model developed is capable of mapping direct and indirect impacts 
(mainly material flows) attributable to regional household consumption. Although such 
mapping occurs, it is at the regional level for households as opposed to businesses at the 
local level. Sinclair et al (2005) is only applicable to attributional analysis, the same is 
thought to be the ease for Kagawa et al (2007) but the model may also be useful for 
consequential analysis due to use of some process data.
With regards to methods, the framework uses a single national economic inter-industry 
UK matrix (a result o f a lack of ready and available detailed regional 1-0 tables). It is 
said that this results in an assumption that inputs per tonne of output are consistent for 
different regions. This is more likely to be the ease when disaggregation is very 
detailed. The study cites others who have applied similar techniques in the past. A 
strength of Sinclair et al (2005) model is, however, their incorporation of very detailed 
regional trade flows data into the models (imports and exports to and from the region). 
The regional import and export data is often said to be in physical terms as opposed to 
monetary (regional final demand data is in monetary units however), so Sinclair et al 
apply methods to deal with this and ensure consistency (described in the paper).
In their model demand of a region (i) is equal to outputs of region (i), plus imports to 
region (i) minus exports from region (i). This principle is key to their model. O f 
primary interest to their work is output of material as opposed to monetary flows for 
modelling households. Because some outputs are in economic terms as opposed to 
material terms, they use detailed regional commodity price and quantity data in order to 
convert into physical terms where required. They also estimate direct material 
requirements. Although the approach described above is useful, the detailed material 
trade data used does not identify whether materials are for intermediate consumption or 
final consumption. This is problematic for the current study where the focus is on
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businesses (if the current project were to use sueh data, one would need to know 
whether imports are for intermediate demand of businesses as opposed to final demand 
of consumers). The lead author of the paper has since in person, identified further 
potential issue with regards to the robustness of the regional trade datasets.
Although the methods o f Sinclair et al (2005) are quite useful, care needs to be taken 
with applting such methods and the uncertainties that exist as a result o f them. For 
example, when applying a national Leontief for estimating regional output as a result o f 
regional final demand, one has to be quite careful that they are not estimating regional 
output for which no regional industries exist. Usually one can deal with this problem by 
looking at which production industries exist locally and omit any resulting estimated 
output for the region for which an industry does not exist locally. With regards to this 
particular uncertainty, Sinclair et al (2005) indicate that this is dealt with by looking at 
regional sector output data.
One of the reasons why this study was chosen for review was due to the integration of 
many detailed datasets in hybrid ways to gain resolution and improve estimation. Two 
key areas are the development of a very detailed final demand model, and the 
incorporation of inter and intra county trade flows data, by sector. The detail achieved 
can clearly be seen when reading the data and innovative techniques used to add 
resolution, whether for commodities or disaggregating commodity consumption in socio 
economic terms. The approach to attaining detailed information on regional demand is 
innovative in its approach. Some reconciling of datasets was required using the fine 
classifications adopted, as categories were not always the same as for the Leontief 
inverse and for other reasons relating to time periods of measurement etc. A section is 
provided in the paper that discusses this. These adjustment tasks are required in order 
to make the model function consistently and appropriately and were learnt from for the 
current study.
The results o f the paper provide a range of results which are displayed in separate 
sections in the paper. The first compares results across counties in terms of direct and 
indirect material requirements. This analysis showed that the various counties can 
have very different direct and indirect material requirements. Other useful findings
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related for example to the ability to see which counties are net importers. The outputs 
for selected counties are shown in a figure for specific commodities. The methods do 
not enable the business relevant accounting detail and mapping required in the current 
project.
The paper then focuses on the assumptions and discussion of uncertainties. The 
standard assumptions of input-output are highlighted and these seem to be the main 
uncertainties, but also some uncertainties are associated with datasets used such as 
prices applied. Uncertainty analysis can be conducted to investigate these issues. A key 
statement made is in relation to the fact that results suggest that large variations in 
regional trade data (presumably due to businesses and population present) frequently 
and significantly affect regional material flows that satisfy demands^^. Imports (from 
abroad) are also highlighted as a clear area of uncertainty.
The conclusion of the paper states that early applications of the framework suggest that 
estimates provide a useful way of mapping average material requirements for various 
commodities as a result of household demand and in allowing one to identify regional 
differences in consumption, production and trade. Future applications are described 
and advocated. Most applications however, seem to be for households, with very 
limited discussion for application to businesses and the model is not capable of detailed 
local area estimation for businesses.
Kagawa et al (2007)
The paper starts by identifying that there are large waste flows among and between 
cities and regions in Japan and then asks the following questions (p. 142):
“What are the fundamental structural elements o f  waste flow? How do we model the 
interregional and/or international physical distribution o f  waste flow? ”
These questions set up the main objective of the paper which is the presentation of 
results from a model to investigate regional waste flows and making the link between
Amongst other uncertainties, it is stated that future work needs to be conducted to assign weights to products that at present have 
no mass units available. It is also stated that in future more detailed price data incorporation would be useful in development.
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consumption in one area and waste management in other areas. The paper considers 
spatial repercussion effects related to consumption and regional waste management. 
The authors provides quite a lot of background and history on EIO and information 
relevant to studies of waste 10.
In regard to the model used, a multi-region, mixed units waste 10 model is employed. 
The model is designed (and employs data so as) to be augmented as a pollution 
elimination model, building on Leontief 1970 and others. So it identifies waste 
generation, as well as waste management/elimination, in a multi-regional way and this 
adds value by allowing one to understand spatial repercussion effects (e.g. where waste 
as a result of consumption actually arises) related to consumption and waste 
management. It is quite an intricate model, making use of various engineering and 
economic data, in innovative ways and being particularly disaggregated with regards to 
waste types as well as waste management/treatment technologies employed.
The paper reports a number of results; mainly around the relationship between regional 
waste treatment activities and consumption. Examples of the sort of results reported 
include findings on the amount of direct and indirect regional waste treatment induced 
by regional household consumption. Sueh analysis was able to show that consumption 
and household behaviour in some particular regions brings about very high amounts of 
waste treatment in other areas and regions (indirect impacts). Results also suggest that 
if  the size of one region is larger than another region (in terms of population), then 
intraregional waste treatment resulting from an individual’s consumption (of the larger 
region) tends to be large. Based on using rich 1995 multi-regional waste-make use data, 
it is found that region size affects both intra and interregional waste flow. At a finer 
level of consumption resolution, the paper shows the dependence of waste treatments of 
regions on the consumption of different types of consumed products of a given region. 
A situation of consumption activities in one (particular) region were shown to very 
highly effect various waste treatments in other regions. Results and dependencies 
varied for different regions.
Although the model is a very interesting example of one that integrates various different 
datasets to enable various useful properties, the focus is on households. The current
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project however, seeks to understand the direct and indirect emissions and water use 
attribute to businesses within an area, so the framework they outline is not directly 
replicable for the current project
Lenzen and Peters (2009)
The paper by Lenzen and Peters starts by identifying and providing examples of an 
abundance of environmental data relating to spatial entities at the regional level for 
Australia. Lenzen and Peters (2009) however, go on to state (p.74) that:
"Although such reference works provide a valuable overview o f  environmental 
pressures across an entire region at a given point in time, they do not generally offer 
insight into the industries that are responsible fo r  these environmental pressures. In 
contrast, databases linking industry sectors with environmental information-such as the 
National Greenhouse Gas Inventory (AGO 2008) and the Australian Water Accounts 
(ABS 2006; Vardon et al 2006) -  do not typically contain any spatial information."
Lenzen and Peters (2009) state that as a result o f this, the widely applied technique of 
input-output analysis o f consumption cannot be undertaken with spatial detail. This 
informs the subject of their paper: to map spatial impacts attributable to household 
consumption by application of EIO methods. In this way, there is some overlap with 
Kagawa et al (2007), as the focus of their paper was spatial repercussion effect from 
household consumption (for waste and waste treatment as opposed to GHGs and other 
environmental impacts). Lenzen and Peters (2009 p.74) state that the main aim of their 
study is:
"to demonstrate how combining an MRIO o f  Australia with spatial databases on 
industrial production can enable lOA-type modelling o f  impacts at a detailed spatial 
disaggregation."
This sounds a somewhat similar theme to the current thesis but there are important 
differences. The level of spatial detail aimed for and achieved by their study is for 
statistical local areas (SLAs), which are often still large and aggregated. The focus of
67
their work is also on attribution to household eonsumption as opposed to businesses 
production and provision.
Lenzen and Peters (2009) identify that with regards to Australia, the data problem 
described at the beginning of their article has improved somewhat with the generation 
of multiregion input-output databases at state level, publication of regional land use 
databases and an Australian business register (with spatial dimensions), labour surveys 
and national pollutant inventories for whieh information is characterised to the level o f 
statistical sub divisions and what they call SLAs.
The study looks at environmental (GHGs and water use), economic (turnover) and 
social (employment) variables. The ease study for the study is of the impacts of a 
typical household’s eonsumption in Sydney and Melbourne in Australia. The study and 
its methods are useful for attributional analysis.
The paper goes on to describe the multi-regional model employed including 
environmental data. The paper then describes how localisation o f economic impacts 
and environmental burdens occurs. With regards to GHGs and water use localisation it 
is stated that (p.79):
"in this work, greenhouse gas emissions and water use as calculated from  the regional 
input-output model are only available by state and by industry. Although turnover and 
employment are directly available by SLA, we distribute greenhouse gas emissions and 
water use across SLAs according to SLA-based proxy data-that is, by land use, 
employment, economic turnover, and pollutant emissions. ”
In their work they state use of the following proxies (p.79):
"1. We have distributed water use by state and by industry across SLAs according to the 
location o f  irrigated agricultural areas by SLA by industry. 2. We have distributed 
greenhouse gas emissions from  agriculture and land-use change by state by industry 
according to agricultural land use by SLA by industry"
And
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"3. We have distributed emissions o f  carbon monoxide (CO), sulphur dioxide (SO2), 
nonmethane volatile organic compounds (NMVOCs), nonagriculture CH4 (methane), 
N2O (nitrous oxide), and NOx (nitrous oxides) by state and by industry (on the basis o f  
the National Greenhouse Gas Inventory (NGGI) according to emissions o f  CO, SO2, 
total volatile organic compounds (TVOCs), and NOx by SLA by industry"
CO2 and sulphur hexafluoride (SFô) are said to be allocated to SLAs based on National 
Pollutant Inventory (NPI) proxy emissions (2 and 3 are not possible as sueh gases are 
not reported). The study does not clearly state what the NPI proxy is, but one of the 
quotes above hints that turnover or employment by sector for SLAs is used.
In the results section of the paper, Lenzen and Peters (2009) provide a range of results 
on the effects from household eonsumption. Direct and indirect impacts attributable to 
a Sydney and a Melbourne household’s consumption are presented and discussed. 
Spatial results related to household‘s eonsumption are then presented (to the level of 
SLAs). The study finds that the Melbourne household’s carbon footprint extends less 
beyond state borders than the Sydney household, this is due to a variety of reasons, as 
discussed in the paper. Important products in terms of eonsumption (and resulting 
impacts) are highlighted. For water use some similar results as for GHGs are found, in 
terms of footprints extending the state boarders. The same sort of analysis, except for 
water, turnover and employment are then provided and compared for the two 
households. Consequent turnover that results from household consumption is said to 
occur much more within population centres and also in very different sectors (compared 
to sectors that GHGs and water impacts occur). Maps of where impacts are produced as 
a result of eonsumption are provided for all indicators. Again some product assessment 
occurs.
In conclusion, it is argued that indirect impacts (measured by environmental, economic 
and social indicators) as a result of a household’s consumption are modelled at a high 
level of spatial detail across Australia. It is said that because the focus of the work 
relates to households, the most clear policy application is in providing information to 
the general public. It is said that the calculations presented in the paper could be 
applied to businesses and maps of carbon footprints for individual firms be generated
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etc (This is however believed to not be correct^^). Additionally for this method to be 
used for companies however, relies on companies coming forward with data to be used 
in the model, whieh means that it would be extremely difficult to attain an account of 
emissions and water use attributable production for most business of a sector within an 
area, which is essential for the current project.
Beyond the aim of the current project (given in section 1.4), the framework of the 
current project could in future be developed to model spatial repercussion effects (for 
indirect emissions) resulting from businesses production directly in the modelling 
framework. Professor Max Munday has highlighted this as a potentially fruitful area for 
policy makers using CLARE. Kagawa et al (2007) and Lenzen and Peters (2009) can 
inform such work. Although the model o f the current project was only developed for 
accounting and mapping of direct and indirect impacts attributable to businesses (for 
engagement, prioritisation, and planning applications discussed in Chapter 1), Professor 
Munday’s comments are taken onboard by providing some analysis of the extent to 
whieh indirect impacts of businesses actually occur within the reference area.
2.6.6 ‘Top down’ business EIO studies
Clearly these latter regional and sub-regional EIO studies produce estimates and 
impacts with regional, spatial aspects and qualities. Recently however, a range of 
authors have been applying sector level EIO models to assess the impacts o f individual 
businesses. The nature and backgrounds of these publications are now provided. We 
start by providing a brief summary. All have applicability for attributional analysis 
only.
Matthews and Lave (2003) illustrate the application of EIO methodology for 
benchmarking (e.g. embodied emissions per $ o f output) for sectors and business. They 
identify that EIO can be used to conduct quick, low cost screening level benchmarks of 
industrial sector level performance. The authors estimate direct and indirect effects of 
whole supply chains and sectors. They show how firms can use these estimates to 
benchmark their performance and provide information for accounting and decision 
making.
As businesses require a different treatment in EIO modelling than households as seen in Trucost (2008) and Bradley et al (2010).
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Foran et al (2005) look at the ability to eonduet multi-seale reporting at different levels 
and the advantages of this, in terms of comparison, and consistency from using one 
approach and similar data at different scales. They apply EIO modelling and triple 
bottom line reporting using a consistent methodology^^. Environmental, social and 
economic indicators are referred against financial units (e.g. per $ output). This 
approach is stated to be consistent with the system of national accounts and can be 
applied across a range of financial accounts e.g. firms, products at different scales.
Lenzen et al (2006) show how EIO modelling can be used in conjunction with company 
data for triple bottom line accounting for businesses and sectors. The authors put 
together and apply a very detailed and disaggregated set of state level and regional 
economic accounts (comprising 344 sectors). Wiedmann and Lenzen (2006) apply the 
same methods for UK businesses. A precursor study to the latter two studies seems to 
be the methods of Foran et al (2005) which include Lenzen as an author.
Trueost are a company specialising in generating reports for companies on their 
environmental impacts (both direct and indirect) and risks, and the company attempts to 
monetise such impacts. Trucost identify a methodology for individual business 
reporting and they conduct this work for companies worldwide. Trucost are said by 
Crummey (2008) to take a life-cycle produeer-responsibility approach. Taking this 
approach:
"the producer o f  the good is responsible fo r  all upstream emissions in support o f  its 
production". (Crummey 2008, Page 25)
Trucost convert environmental damages into dollar ($) terms. A detailed review o f each 
study is now provided.
It is stated that:
“The methodology 'tripple bottom line ' analysis grounded on economic input-output analysis, has many antecedents over the last 
four decades. ” (Foran et al 2005, Page 145)
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Matthews and Lave (2003)
This study presents a tool to gain a quick, first order approximation of environmental 
impacts of firms. Examples o f the use of the tool are provided, the paper also discusses 
the attributes that one might seek from sueh tools. The paper also looks at the question 
of how to set benchmark goals for industry. Thirdly the paper investigates how to 
provide this information to decision-makers to enable informed decisions to be made.
The paper starts by identifying the pressures faced by some firms in improving 
environmental performance. And then asks (p. 152):
“What are reasonable goals for a firm that is attempting to be a good environmental 
citizen?”
The paper states that one approach to answering this question is that a business should 
be performing better than the industry average and environmental performance should 
be improving over time. This in a way sets the scene for the paper whieh then goes on 
to showcase a tool that can allow estimated industry sector level benchmarks for a 
business to compare their environmental impacts. The paper pushes quite strongly for 
the need to compare performance with others, in order to know how they are doing and 
advocates comparison with the average performance of industries. The authors state 
that responding to imposed limits and demands on a company can be costly and 
wasteful and they propose an alternative strategy as follows (page 154):
"We suggest that a reasonable goal is to exhibit better performance than the industry 
average and to improve continually over time. Benchmarking provides a good sanity 
check. This requires benchmarking against other companies in the same industry and 
comparable industries."
They also stress the importance of information in making informed decisions (on 
impacts of both direct and indirect -  embodied in purchases). They state (p. 152):
"Without a management information system that enables them to trace the 
environmental expenditures and liability fo r  current discharges back to individual
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products and their choices among processes and materials, managers cannot make 
informed decisions because they lack the necessary information."
The tool put forward is described as being designed to provide managers with the 
information they need to make informed decisions. Although this is so, it only provides 
sector level intensities and not actual estimates for the business o f concern (as is 
attempted in the current project), or estimates of embodied emissions from the products 
of a company (as is attempted for Food retail).
The paper presents some more example cases o f environmental liabilities and issues and 
pressures faced by firms based on Lave and Matthews 1996 (as seen in Matthews and 
Lave 2003) and suggests that in each case businesses wanted to ‘do their bit’ and were 
willing to make at least modest sacrifices. They however state that such businesses lack 
the information required to react to pressures in a timely and cost-effective manner.
A section of the paper is devoted to looking at important aspects of tools for improving 
environmental performance. In the section it is stated that four attributes of a tool are 
required in order (for the tool) to be useful for environmental analysis:
(l.)It is stated that the whole problem must be addressed by the tool and tools must 
provide desired information. This first attribute is said to require knowledge of 
information required to make an informed decision, and life cycle information 
as opposed to just one stage of production or the life of a product.
(2.) Information provided by the tool must be provided at the time when the 
. decision is taken;
(3.)It is stated that (p. 155): "the tool must be inexpensive relative to the value o f  
their information. The next two attributes, time and expense, do not have 
general answers, but rather depend on the particular decision."
(4.) Tools must be reliable in the sense that even if information is uncertain, it is 
sufficient to be helpful in making a decision.
The paper goes on to present the modelling tool used that provides direct and indirect 
environmental impacts per $1 million for an industry. Some of the assumptions of the 
tool are discussed briefly. The paper then presents some examples of how the tool could
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be used to help inform business decisions. Whilst drawing out examples, the paper 
picks up on some of the key strengths of the approach as well as the weaknesses 
inherent in alternative methods such as LCA. It is said that their approach is 
particularly useful as a screening tool. Later the paper discusses how information is 
best presented and suggests that impacts should ideally be priced in terms of their social 
cost as opposed to private costs. Such an approach is however often largely unfeasible 
given the lack of detailed information required to provide a ftill picture.
In the conclusion to the paper a key comment is made it is said that in order for a tool to 
be useful it must address the firm’s issue, be low cost, quick and sufficiently reliable to 
be worth using. It is said that the sector level tool put forward by Mathews and Lave 
can help improve both business and government decisions. Although this is stated, 
with regards to business, Sorrell et al (2000) make the point that to be effective, 
information must be specific to the business or entity o f concern. Information produced 
by the framework of Matthews and Lave (2003) does not bring estimation down to the 
level of individual businesses. Also with regards to government decisions, sector level 
information of the framework by Matthews and Lave (2003) does not provide 
information that can guide strategy and planning at the local level or at the level of 
businesses (sueh as SMEs), yet it is clear from review that government policy 
intervention and support could do with being focused (e.g. towards high impacting 
SMEs). All implementation of policy and strategy occurs locally, therefore there is a 
need for comprehensive and comparable local accounts (in detail) to aid engagement 
and prioritisation with relevant businesses in local areas.
Foran et al (2010)
The paper begins by discussing sustainable supply chain management and the 
interdependence of consumers and producers. The paper then goes on to review current 
issues in measurement and indicators, followed by a discussion of sustainable chains 
and triple bottom line accountings^. At the end of the introduction relating to 
sustainable chain management, the topic for investigation is introduced on page 145:
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Lenzen et al (2006) state that:
“Triple bottom line (TBL) ^vas a term originally coined by John Elkington in the early 1980s to describe corporations moving 
beyond reporting only on their financial “bottom line ” to assessing and reporting on the three spheres o f sustainability: economic, 
social and environmental. The notion o f the triple bottom line has many meanings to many people, and can be applied at different
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"this paper presents an approach to highlight sustainable chain management issues 
within the framework o f  triple bottom line accounting implemented at an economy-wide 
scale in Australia."
The key thrust of the paper however is around multi-seale reporting and a framework to 
conduct such reporting. The paper advocates that this is based on the IMF 
internationally accepted ‘System of National Accounts 1993’. To look at direct and 
indirect impacts, the study applies and puts forward modelling based on input-output 
analysis. Economic, social and environmental indicators are investigated.
In the methods sections of the paper, some history o f 10 and EIO are provided as well 
as an acknowledgment o f the previous models that enabled the current model used by 
Foran et al (2005). The boundary issue is then discussed and the essential importance 
o f this in enabling accurate comparisons between different products and firms in a 
consistent way^°.
The paper then discusses the multi scale approach which is essentially to apply 
coeffieients (impacts per dollar o f GDP) to the financial accounts of different entities 
e.g. an individual, a household, a product, a business, city, state and nation. This is said 
to allow comparison across different entities and scales as a result o f being grounded on 
the same methods and use of the same databases. The paper provides a useful 
conceptual diagram of consuming and producing entities and the methodologies and 
philosophies of environmental assessment and monitoring applied for each. This is 
reproduced below in Figure 2.4 from Foran et al (2005):
levels in society by different stakeholders. However, there is general agreement that the triple bottom line principle is a useful 
approach for examining the operations of an entity, from a local council to a major corporation.'”
The section also introduces and provides history as well as discussion on consumer responsibility and shows diagrammatically 
how consumption are interlinked to the wider economy and its potential impacts in different production layers or parts o f  the supply 
chain.
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hdividual household council region state nation world
■ FCCC
■ SoE
Consuming Entities
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■CALC
■LCATCP
■GRttTRI/N
Producing Entities
product establishment company corporation industry 
(factory/branch) complex
sector economy world economy
Scale
(where: TBL= Triple-Bottom-Line Accounting, EIA=Environmcntal Impact Assessment, GRI= Global Reporting Initiative, 
TRI=Toxic Release Inventory, NPI= National Pollutant Inventory, LCA=Life-Cycle Assessment, CP= Cleaner 
production/Ecodesign, CALC=Personal calculators and scorecards, CCP= Cities for Climate Protection, SC=Solar Cities, 
EF= Ecological Footprint, SoE=State-of-Environment Reporting, FCCC=Framework Convention on Climate Change (as 
seen in Foran et al 2005 page 147).
Figure 2.4: conceptual diagram of consuming and producing entities and the
methodologies and philosophies of environmental assessment and monitoring
applied for each
It can be seen above that various methodologies and philosophies apply at different 
scales. Foran et al (2005) note that indicators such as the Ecological Footprint bridge a 
range of spatial scales.
Once the multi-scale reporting approaches introduced, the paper goes on to illustrate the 
approach by presenting triple bottom line (TBL) results for three sectors: Cotton 
production. Pulp and paper production and Vegetable and fruit growing. TBL accounts 
for two service based institutions are presented as well as an account for household 
products. Direct and indirect impacts are presented and structural path analysis is also 
used to aid this and provide additional insight. Their results identify the importance of 
looking at indirect impacts and the importance of taking an economy wide approach, for 
example for Paper and pulp production although 60% of total GHGs are accounted for
76
in the first five supply chain activities, 40% remains in economy wide effects each with 
interaction having small associated contributions.
In the discussions section the advantages and barriers to the approach advocated by 
Foran et al (2011) are discussed. The three important advantages o f the approach are 
said to be:
• the capability to integrate (consistently) across a range o f institutional scales;
• the boundary problem is avoided when examined different subjeets or entities 
(increasing comparability);
• thirdly the approach provides a strong case for the reorganisation o f data 
collection by national statistics authorities, to allow multi-scale reporting and 
analysis to come forth (in particular they advocate much higher disaggregation 
levels which entails more data collection)^\
There are said to be five issues that pose barriers to the acceptance of the approach and 
these relate to: complexity of 10 for some LCA analysts in application; assumptions and 
limitations of 10 techniques; perception that accounting for long supply chain paths is 
not practical; fourthly that full incorporation of environmental and social impacts might 
challenge the current paradigm of globalisation and economic development; a fifth 
barrier is said to be the potential de-motivation of businesses and workforces when 
recognising that for much of the impacts associated with their product they have no 
direct control (e.g. higher up in the supply chain). This however, somewhat ignores the 
fact that businesses have the ability to conduct sustainable procurement, and that 
sometimes businesses can have quite a lot of influence on others in their supply chain.
In the conclusion of the paper, the authors don’t see application of 10 approaches or 
LCA approaches as ‘either or’ but as complementary tools. 10 can lead the 
prioritisation of the use of LCA. A key conclusion of Foran et al (2005) is that if  
integrated and sustainable systems for data eollection, analysis and interpretation do not 
oecur in practice then well intentioned philosophies and methods such as sustainable 
chain management, TBL reporting and local government actions will result in an
It is said that an advantage o f  this would be the avoidance o f many smaller surveys conducted to make up for inadequacies o f  
national statistics data.
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acceleration towards data gridlock and resulting management inertia due to the 
overwhelming complexity o f the task.
Some of the concepts in Foran et al (2005), such as multi scale reporting, are extremely 
useful and applicable to the current project and therefore taken onboard. A 
disadvantage of the study however, is that when it comes to the multi scale reporting 
concept, little detail on methods is provided and a symptom of this seems to be also a 
lack of discussion of accounting issues that can occur when implementing multi-scale 
reporting. The current project addresses this by developing and presenting detailed 
methods for implementing the concept for businesses and then discussing accounting 
issues as they are encountered in Chapter 3.
Trucost (2008)
In order to understand fully the actual EIO methods applied by Trucost, an MSc by 
Crummey’s (2008) study was used, as Trucost modeling methods were not documented. 
The study identifies the methods used by Trucost and looks into the application of a 
range of regional extensions of the basic Trucost method (using a sample Canadian 
company to attribute emissions to). Trucost methods are discussed further in this 
section when conducting a detailed methods review. Critique o f the Trucost methods 
are also provided at this point. Beyond the standard Trucost methods, Crummey (2008) 
provide some useful insights, this work is briefly described.
Crummey (2008) analyses a range of regional extensions to the Trucost model. Firstly, 
a single region model is developed for the USA and attribution occurs from this (this is 
believed to be the standard Trucost model), secondly a bi-regional non-linked approach 
(Canada and the USA) approach is applied and then an inter-regional model involving 
two regions (Canada and the rest o f the world) was applied. Results o f the three 
modeling tasks are compared. From results, it was found that the non-linked two 
region model estimated GHGs to be higher than the USA model, mainly due the higher 
emissions intensities o f the Canadian economy (from where the sample company was 
from). In economic terms, the latter model actually underestimated indirect activity in 
economic terms due to incomplete Canadian data. It was found that the two region 
model (Canada and the rest of the world) estimated still higher GHG emissions (and
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economic activity). This was said to be for a number of reasons, including capture of 
all induced activity from trade (other approaehes do not capture), one of the 
explanations of higher emissions seems to however contradict somewhat with earlier 
explanations for the two previous models. The result identifies that ideally foreign 
trade, should be captured by models applied. Their focus is trade here, but a wider 
issue not covered by Trucost or Crummey (2008) is the fact that benchmarks can only 
be developed for businesses that come forward with data in a form that fits what can go 
into the model. Payment by the eompany is also required. These three characteristics 
severly limit the ability to provide a detailed yet comprehensive account for an area. In 
reality the businesses that come forward with data will not tend to be the many 
problematic businesses that are not accounting and reporting as described at the start o f 
this thesis.
Lenzen et al (2006)
The paper by Lenzen et al (2006) presents a tool for conducting triple bottom line 
accounting. We briefly outline the study here and a eritique of the application of the 
methods for the current project is provided in the detailed methods review. With 
regards to the development of the tool, the authors state (p. 12) that from working with 
businesses:
"It became clear that the data collection burden fo r  the organisation has to be as small 
as possible. As a result, a software tool was developed in collaboration with the using 
organisations, enabling users to create a comprehensive sustainability report solely by 
importing their existing financial accounts. This software tool is called BottomLine^"
The paper goes on to introduce the concept of sustainable development and definitions 
of it as well as the importance of indicators for sustainability. The concept of corporate 
social responsibility (CSR) is identified, as is the widespread use of triple bottom line 
accounting in CSR. The paper then puts forward the use o f 1-0 and EIO to develop 
triple bottom line accounts and methods. Alternative assessment tools sueh as LCA are 
briefly identified and the strengths of 10 in overcoming the boundary issues noted. 
Data used in the tool of Lenzen et al is then described as well as a brief list o f the 10 
macro TBL indicators that they look at.
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A case study example of the mining sector is used to illustrate the TBL outputs that the 
model can generate. The study identifies both direct and indirect impacts attributable 
to the sectors final demand and structural path analysis is used to determine which 
stages of the supply chain have most impact on indirect impacts. The tool can generate 
aggregate figures, detailed breakdowns and rankings of indicators for different parts of 
the supply chain. Particular focus is paid to GHGs and water as these are important 
impacts related to the mining industry. Discussion of impacts on the wider economy in 
terms of employment etc are made in addition to strategies that the industry may take 
based on information provided by the tool. An example for an actual company is not 
provided, but it is said that when working with users, such as a company, they do not 
have any difficulty understanding and accepting the indirect impacts occurring off site 
from upstream suppliers. It was also stated that users felt such indirect estimates to be 
valuable and useful as it increases abatement options, provides meaningful feedback, 
avoids gaps in reporting and informs on real risk.
In their conclusion, Lenzen et al (2006) highlight some of the difficulties in 
implementing whole economy approaches and some of the issues and opportunities to 
use multi-regional modelling with such tools. The tension between improving accuracy 
though incorporation of country relevant data on the one hand (through MRIO) and 
aggregation error that is likely to occur on the other is not discussed, as Crummey 
(2008), Weber (2008) and this study discuss.
Methods review: Trucost (2008) approach and methods of Lenzen et al (2006)
Both the Trucost (2008) and the Lenzen et al (2006) approaches apply ‘top down’ EIO 
methodology as highlighted in section 2.6.6^^. Firstly the Trucost approach is outlined 
in detail. The approach by Trucost closely follows the approach reported in Miller and 
Blair (1982) as the New Industry: Final-Demand Approach. Trucost use the revenues 
of a company (intermediate and final demands) and place them in the final demand
Trucost are said by Crummy (2008) to take a life-cycle produeer-responsibility approach, whereby;
“the producer o f the good is responsible for all upstream emissions in support of its production” (Crummy 2008, Page 25)
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vector for the sector that best describes the company of concem^^. Revenues are 
separated into domestic and rest of the world (ROW).
Trucost take the perspective that because the USA represents 30% of world GDP, it 
represents more closely the profile of the global market than any other eountry. Due to 
this, Trucost apply a single-region model, using mainly USA data. For GHGs, a 
greenhouse gas intensity vector is derived from USA industry data. Applying USA 
model for UK businesses is however problematic: ideally one would use a UK model. 
Although this is so, the USA model does have high sector disaggregation (greater than 
500 sectors).
Data available to produce a USA EIO model are reported by Crummey (2008) to be 
reasonably up to date and with a high degree of quality and accuracy. Crummey 
provides detail on how Trucost derive a single-region, industry-by-industry US 10 
model, which they use as a proxy for the world economy. It is known from discussion 
with the organisation that, where possible, they do use direct emissions reported by the 
companies. Crummey (2008) states that if  reliable data (produced by the company) is 
found to support or correct the result, then it is incorporated.
The key issue with the Trucost (and Lenzen et al 2006) approach is that they focus and 
rely their approach on individual businesses that have time, money and an awareness 
and willingness to account and report environmental impacts. In reality, this represents 
a small sample of the population of total businesses: many businesses such as SMEs 
may not realise that they have extensive environmental impacts (both direct and 
indirect), let alone the money required to find out. The approach also relies on 
companies coming forward with revenue data or producing detailed financial data in 
their company reports. In practice, many businesses will not come forward with 
relevant data, and neither approach is efficient in estimating emissions for many 
businesses in an area (also there is no reference to geographic location to enables 
mapping properties required for the current framework). Such an approach is highly 
unlikely to produce a comprehensive account for areas. This study found that revenues
Although not stated, it is envisioned that all other sectors final demands would be put at zero. No information is provided on the 
price base o f  revenues put in this vector, the price base is assumed to be consistent with that o f the rest o f  the model.
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data is not easily available for most or all businesses in an area; therefore a different 
approach to Trucost (2008) is required to enable a detailed yet comprehensive account.
Lenzen et al (2006) apply a different approach. The basic EIO equation they apply is 
similar to Trucost, however they only seem to attribute to final demand not all revenues 
of the company (FD and intermediate demand). The procedure applied before running 
EIO equations is however, quite different. Lenzen et al (2006) take the financial 
accounts of companies or other organisations and incorporate them into the national 
input-output tables as extra sectors before the (Leontief of the) model is generated. This 
is not conducted by Trucost, but it is believed to be a more correct and more accurate 
procedure due to taking account o f the businesses individual purchasing patterns that 
may differ somewhat from average sector level patterns.
Lenzen et al (2006) provide more detail on the modelling procedure as follows:
''users choose their “own” sector (i.e. the classified sector that their organisation 
belongs to), and the software a) converts the user’s financial data from  purchasers’ 
prices into basic prices, and b) subtracts their expenditures and revenues from  this 
sector’s input-output table entries. Furthermore the user inputs data on their 
organisation’s on-site impacts which the software embeds in the national exogenous 
data’' (Lenzen et al 2006, Page 14)
From this it is believed that Lenzen et al (2006) separate out intermediate demands from 
final demands in the model^" .^ Given the level and detail and disaggregation o f data 
required to apply this approach, it is believed that the companies involved must keep 
very good detailed financial accounts and want to be actively involved in the emissions 
estimation procedure. As a result o f this, the approach has advantages over the Trucost
(2008) approach, as it is likely to lead to more accurate industrial classification and 
emissions and water use estimation. Inter-industry transactions will be specific to the 
company and will not just purely apply the equivalent sectors purchases and sales data 
to derive the technical coefficients matrix and Leontief used in the model. In this way
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On site impacts here are taken to be equivalent to direct impacts.
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company specific information is incorporated into the Leontief, as well as the final 
demand vector of the model. This is a major strength. Also actual direct environmental 
impacts of the company are incorporated into the model. The disadvantage of the 
approach is that it requires very high standards of data from companies (in terms of 
detail and disaggregation -  intermediate purchases by sector etc.) and requires 
significant involvement of companies. The framework developed in this thesis is 
designed to overcome the need for significant involvement of companies (although this 
has some accuracy disadvantages) this allows one to estimate for companies that do not 
provide data, therefore a more comprehensive account is possible, with consequent 
benefits for targeting, mapping and prioritisation as well as building networks and other 
uses described in Chapter 1. Data needs of the Lenzen et al (2006) approach are even 
higher than for Trucost (2008), and are certainly not generally available for all 
businesses within an area. Like Trucost (2008), they also rely on payment, and because 
o f higher data needs the same issues in attaining a comprehensive account for 
businesses within an area in detail is even more severe. Therefore the Lenzen et al
(2007) methods are not directly applicable for the current project.
2.6.7 ‘top down’ business non EIO studies
The ‘top down’ studies noted above all apply sector level EIO models. Two ‘top down’ 
studies however, that use a different methodology for estimating businesses emissions 
in local areas are those of King and Tsagatakis (2006) and Bradley and Jackson (2007). 
These approaches are capable of estimating only direct emissions for businesses.
King and Tsagatakis (2006) produce a method for analysing direct UK GHG emissions 
generated in a local area from small medium sized enterprises, in conjunction with 
NAEI’s data for larger regulated businesses. Bradley and Jackson (2007) present a 
method for estimating detailed direct waste estimates (food waste) for businesses in a 
local area. The method is similar to King and Tsagatakis (2006) however, waste as 
opposed to GHGs are estimated and estimation is referenced to postcodes, not one 
kilometre grids and local authorities (as King and Tsagatakis 2006 conduct) Both 
studies attempt to estimate the emissions of businesses but neither estimate for
It should be noted that AEAT (2007) do include point source data for all MSW incinerators and sites generating electricity from 
poultry litter, but no estimation o f  C&I waste is conducted.
83
individual businesses. Sector level environmental data is used by combining with other 
data in a series of steps that are outlined when reviewing methods. The methods o f both 
studies enable attributional and not consequential analysis. It should be noted that the 
work by Bradley and Jackson (2007) led to the development of CLARE^^.
Bradley and Jackson (2007)
The publication of a method for mapping business C&I waste, was presented by 
Bradley and Jackson (2007) at the National Industrial Symbiosis Programme 
Researcher Symposium in 2007. Early on, the issue of Commercial and Industrial 
Waste generation in England was described as well as the spatial aggregation issues of 
current waste data sets (data generally not being more geographically disaggregated 
than the regional level). The aim of the work was then presented, followed by the case 
study for the work and a description of the framework. The framework conducts 
estimation and mapping of food waste based on using detailed business employee data, 
with geographic reference to postcode areas in conjunction with sector level 
environmental intensities (waste per employee). A breakdown of food waste by 
different sectors and areas of Southampton was then presented followed by conclusions. 
In the conclusions it was stated that the methodology has potential to be applied to all 
areas of the UK (and for the vast majority o f businesses). The potential for 
inaccuracies in data was identified due to the use of aggregated sector level 
environmental data applied, but potential of the method was identified. This early work 
focused on just direct food waste emissions and did not investigate the sensitivity and 
assumptions of the model. This work was the starting point for the development of 
CLARE.
King and Tsagatakis (2006)
A paper by King and Tsagatakis was produced for Defra in 2006. The paper provides a 
method for mapping small industrial direct CO2 emissions to the level of local 
authorities. The paper starts by outlining the gaps in available carbon dioxide emissions 
data for smaller industrial and commercial emissions. This is the reasoning for the 
development of their method. The method they use applies proxy data on employment
The theoretical framework and methods o f CLARE were developed predominantly by Peter Bradley with guidance and advice 
from Tim Jackson in 2007 and early 2008. Since then, Angela Druekman has had significant input in supervising the middle and 
later stages o f the project.
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and energy use to estimate CO2 emissions from these sources (in a similar way to 
Bradley and Jackson 2007). A summary of the modelling method is then provided, 
followed by a description of data inputs and initial data processing. Process flow 
diagrams and more details relating to the methods are then provided. Model outputs are 
then identified, UK maps of fuel consumption aggregated to the level of other industry, 
commercial and light industry, public sector and agricultural stationary combustion are 
presented. Estimates are produced for local authorities but within the actual modelling 
itself, the highest level of resolution seems to be for sectors by Ikm^ grids. The 
conclusions of the paper identify improvements in quality of estimation and mapping of 
CO2 and future prospects for modelling given future data availability. A detailed 
review of the methods o f this study in conjunction with work of Bradley and Jackson
(2007) is now provided.
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Methods review: Bradley and Jackson (2007) and King and Tsagatakis (2006)
A system diagram of the method that Bradley and Jackson (2007) apply can be seen in 
Figure 2.5.
F ood w a s te  per em  p lo y e e Em p io y e e s  o f H ospitality  
b u s in e s s  by p o s tc o d e
Food w a s te  
o f hospitality  
b u s in e s s  by 
p o stco d e
ONS Employee Data: 
by postcode and the UK
Environment Agency 
Waste Data
Figure 2.5: System diagram of how food waste was estimated for Southampton by
Bradley and Jackson (2007)
Two equations and a number of steps are applied in order to derive the system flow in 
the diagram above. These steps will now be outlined.
Firstly one has to pick a specific sector for which to estimate emissions of businesses 
within a geographic area. Businesses within this sector and area are searched for and 
found from the BSD^^. For each business found it is possible to identify the full 5 digit 
(most disaggregated level) standard industrial code (SIC) that each business belongs, 
the employees and the post code.
Direct emissions per employee are then estimated for a business as shown in equation 
2.1. This example is for a single company in sector j.
This database includes 99% o f all output o f businesses in the UK (ONS 2008).
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Wj — (2.1)
rrij
Where:
Uj is the direct emissions coefficient for sector j (i.e. emissions per employee); 
gy are the direct emissions of sector j; and 
TWy is the employees o f sector j.
The direct emissions ( ^ )  o f a business (o) are then imputed using uj and the business 
employee data from the BSD as follows:
(2.2)
Where:
is the number of employees of the business o.
Given that every business in the BSD has a postcode, emissions estimates of businesses 
are aggregated to estimate the emissions of a postcode sector or district, as presented in 
Bradley and Jackson (2007). The main assumption of this method is that emissions per 
employee at the sector (or sector and employee size band) level can be multiplied by the 
number o f employees of a business to estimate emissions.
King and Tsagatakis (2006) apply a similar method, the difference being that they start 
with the business sector employment o f a 1 km grid, as opposed to employment for each 
individual business by postcode. Also, instead of using sector level waste per 
employee estimates (as do Bradley and Jackson 2007), the authors use sector level fuel 
use per employee and estimate fuel use for each type of fuel. This first step is called 
procedure 1. A disadvantage of using aggregated sector employment figures (Ikm^ 
grids) for the basis is that one cannot apply detailed sector and employment size band 
data to the business of concern. Also they allocate fuel use to employment, yet 
businesses in differing employee size bands may have quite different emissions 
intensities per employee (we know this is the case for waste), which may be a reflection
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of higher throughput (turnover per employee does vary between employee size bands) 
as well as different energy use management practices or technology.
After procedure 1 is conducted by King and Tsagatakis (2006), they apply the following 
steps.
Firstly they take out from the area fuel use estimates of any large point source 
businesses (as defined by the NAEI point source database). This is done, because the 
authors only wish to estimate emissions o f small medium sized enterprises.
King and Tsagatakis (2006) were able to access actual aggregated data o f commercial 
fuel use by area for some fuels such as gas. These actual gas consumption data are 
used to scale^^ up or down the distribution of predicted gas (from initial fuel use 
distribution estimates of procedure 1) to match reported figures o f actual commercial 
gas consumption for an area.
For oil and gas oil, expert knowledge of fuel use by industry and business is used to 
adjust fuel oil and gas oil so that consumption per employee is lower in 1km grid 
squares covered by smoke control areas. Weighting techniques are used to do this. For 
coal, use of this fuel is limited to outside the locations of smoke control areas. For 
more information see the three process flow diagrams for each fuel in Appendix 2.2. 
The CO2 emissions estimates are estimated as a very last final step, by applying CO2 
emissions factors for different fuels.
Each study has now been looked at in detail. We now move on to look at and critique 
the studies on the following key themes of high relevance to the current project:
• Resolution and focus o f studies;
• Advantages and disadvantages of methods and data applied.
We then provide a section to look at what CLARE does in the context o f the literature 
and the advantages and disadvantages of the approach.
Scaling follows the original splits between sectors as estimated based on employees and energy per employees.
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2.6.8 Resolution and focus of studies
The resolution of the studies varies. Again assessment will start by focusing on the 
‘bottom up’ studies.
For Gerbens-Leenes et al (2003), Xiie et al (2007), Albino et al (2002), Albino and 
Kuhtz (2004), and Kytzia et al (2004) the resolution of the studies varies from global, 
local and manufacturing supply chains and food systems to individual enterprises, 
processes and materials.
For Gerbens-Leenes et al (2003) the proposed measurement method is for 
environmental sustainability of production systems and supply chains, but it is said that 
the information produced could be used by individual companies, first estimates are at 
the process level. No empirical estimates however, are actually developed by the 
authors.
For Xue et al (2007) the highest resolution is at the level o f a material for a process, 
their model specifically focuses on modelling one process at a time and even the 
material transformations o f the mass of inputs to the mass of outputs for a process.
Albino et al (2002) also model processes, but they model many processes at a time, as 
opposed to just one at a time, as in Xue et al (2007). Albino et al’s (2002) model 
highlights the ability to combine inter-sectoral resolution with inter-company resolution 
as well as regional and inter-regional resolution. The study identifies the ability to look 
at processes located in a specific geographic area.
Albino and Kuhtz (2004) can look at a supply chain of an individual producer and the 
focus o f the study tends to be on supply chains and systems, the model is put forward as 
particularly useful in informing decisions taken locally. Modelling is conducted at the 
level of processes - following the Albino et al (2002) method.
For Kytzia et al (2004) the highest resolution of estimation seems to be to the level of 
processes and products, but they look at a whole food production chain.
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Although resolution is high for many o f these life cycle analysis ‘bottom up’ studies, the 
actual estimates for the emissions of processes are not generally actual measurements, 
but derived from Life Cycle Analysis data bases. Sometimes data from these databases 
may not represent particularly well, the process o f concern. This can be due to being 
measured for different years or just not a good match in terms of the emissions profile. 
This can affect the quality of estimates at high resolution. Issues such as transparency 
can exist for such data, and this affects uncertainty about reliability. Finnveden et al
(2009) also note that the majority of database systems (for LCA) are based on average 
data representing average production and supply conditions for goods and services, and 
therefore suitable for the attributional modelling approach.
For the ‘top down’ household EIO studies of Kagawa et al (2007), Sinclair et al (2005) 
and Lenzen and Peters (2010) the highest level of spatial resolution of impacts is for 
regions, counties or some such similar level. Sinclair et al (2005) disaggregate flows 
according to specific socio economic criteria (e.g. householder occupation and income) 
and individual impacts from products are estimated. Kagawa et al (2007) provide high 
levels of disaggregation for waste streams and focus in on waste implications resulting 
from household consumption in different regions, including an analysis of spatial 
repercussion effects relating to waste and its treatment. Lenzen and Peters (2010) 
focus on looking at the spatial impacts of household consumption in cities as described 
in section 2.6.5. Lenzen and Peters (2010) are able to model impacts to statistical local 
areas. These areas are thought to be similar in nature to local authorities in England. It 
is stated that the model (and its calculations) could equally be applied to companies and 
firms, however it would require some adjustment and companies would be required to 
come forward with information (either through communication or through disclosure in 
company reports.
The latter three studies bring together many datasets in order to enable detailed regional, 
county (or similar) estimates. A key issue when conducting such analysis is to ensure 
the consistency between different datasets. This is not always 100% possible and 
sometimes assumptions have to be made to enable the bringing together of different 
datasets. Neither Kagawa et al (2007) or Sinclair et al (2005) report much detail on any 
such assumptions: more detail on this issue would have been helpful in interpreting the
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robustness of the relatively high resolution results. Lenzen and Peters (2010) provide 
some information about uncertainties. The issue of consistency between datasets is 
also relevant when aggregating process data from different databases for ‘bottom up 
approaches’ (see Finnveden et al 2009). Sinclair et al (2005) deal with this issue.
The ‘top down’ business EIO studies of Matthews and Lave (2003), Foran et al (2005), 
Lenzen et al (2006), and Trucost (2008), all seek to estimate direct and indirect impacts. 
Resolution of the studies varies from sector level to individual businesses. The focus 
o f the four studies tends to be businesses, although Foran et al (2005) do look at other 
entities. Foran et al (2005) conduct multi-scale reporting for products, households, 
institutions and government, all under one consistent methodology and approach. 
Matthews and Lave (2003) discuss how their sector estimates of embodied impacts per 
one million $ of production can be applied to businesses, but empirical estimates within 
the paper are at the sector level. Lenzen et al (2006) and Trucost (2008) estimate 
impacts for individual businesses and corporations. All of these studies use sector level 
models using sector level data to estimate (for individual entities in many cases). 
Although the estimates can be high resolution, the quality and representativeness of 
estimates may vary as often the sector level data applied is very aggregated and may not 
be particularly representative for an individual entity such as a business.
Accuracy of sector level approaches for individual products (and businesses) depends 
on how well the product (or business) is typical or atypical with other products (or 
businesses) of the sector (Finnveden et al 2009) Lenzen et al (2000)^^ discuss 
aggregation and allocation uncertainty and discuss how firm level characteristics may 
differ from the sector level. Suh (2002) show that large differences in estimation from 
I-O based LCI and process based LCI. Finnveden et al (2009) report that for many 
practitioners, the lO-based hybrid LCA approaches are not an attractive alternative to 
process LCA for detailed product-level LCA, as sector resolution is much too coarse 
(for key LCA applications such as consequential LCA). Resolution and use of average 
sector level data of 1-0 based approaches is however considered more appropriate for 
attributional analysis (Finnveden et al 2009). If this project applies a sector level
Lenzen et al (2006) partially overcome the problem o f  sector aggregation as is seen in the methods review o f  their study. 
In a paper titled Errors in Conventional and Input-Output-based Life-Cycle Inventories.
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approach, then the issue of aggregation in EIO models should be investigated. This 
finding is supported by Beynon and Munday (2008). They state that from their review 
(as with the current study) use of input-output frameworks is being justified (for various 
types of ecological footprinting) in part, because it aids standardisation and 
comparability in the method used to conduct the footprint. However they identify that:
“77ie potential value o f  this methodological development is not doubted. However, the 
imprecision in this framework should be identified in the interests o f  greater 
transparency, including the impact o f  the aggregation o f  certain data.'' (Beynon and 
Munday 2008, page 380).
We now move on to ‘top down’ business non EIO studies : The work of King and
Tsagatakis (2006) can produce estimates that are quite detailed, producing estimates for 
CO2 o f small medium sized enterprise businesses by sector for 1km grids during the 
estimation process (these estimates don’t appear to be published). Estimates for 
individual businesses are not produced. For published work local authority estimates at 
aggregated sector levels are produced. With regards to the high resolution 1km grid 
estimates, quality and robustness of estimates can be effected by the disaggregation 
level of both employment and environmental data, the authors do not however report 
the level of aggregation of sector level data applied. This can impact on accuracy. 
Bradley and Jackson (2007) estimate for postcodes as opposed to 1 km grids. 
Resolution is to postcode districts and postcode sectors. With regards to outputs from 
this approach, a high level of sector disaggregation is applied in estimation and kept in 
published work^^ In developing estimates for postcode districts and sectors, emissions 
estimates for individual businesses and their postcode are firstly developed and then 
aggregated (similarly to a ‘bottom up’ approach). An advantage of modelling at this 
higher resolution, is that sector employment and environmental data can be searched 
and applied that is most relevant to (and matches best) the business of concern, as 
opposed to the 1km grid area. Although not earlier mentioned, if  businesses direct 
impacts were to be estimated for a detailed area in a regional EIO model, the same 
problem of applying sectorally aggregated estimation to reflect groups o f businesses in
Publication o f estimates for less than 10 businesses was not possible due to disclosure. So no areas published in Bradley and 
Jackson (2007) contain less than 10 observations.
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an area occurs. This latter issue leads conveniently to the next section which relates 
to: Methods and data applied by the different studies, and the pros and cons of each 
approach.
2.6.9 Advantages and disadvantages of methods and data applied
There are various advantages and disadvantages of the different ‘bottom up’ and ‘top 
down’ approaches, some of which are unique to individual studies. Again assessment 
starts with the ‘bottom up’ studies.
Gerbens-Leenes et al (2003), Kytzia et al (2004), Xue et al (2007) and Albino et al 
(2002) all use process data within their modelling approaches. The three latter studies 
use process data in conjunction with 10 methods.
Gerbens-Leenes et al (2003) asses the sustainability o f the processes of a company and 
propose aggregating up data to enlarge the system boundary, as described in section 
2.6.4. The advantage o f the approach is that it does not apply any complex models for 
estimation and is a fairly straightforward methodology. Although this is so, the current 
author’s experience o f the paper was that the methods were not set out in an easy to 
follow way and were somewhat contradictory. A significant disadvantage o f the 
approach is that an economy wide approach is not applied and it is clear from the 
system boundary described, that the boundary cut off issue is a significant concern. The 
study does not present any use o f national or regional input-output data or 
environmental data, instead the detailed process data approach is applied. Only limited 
formal presentation of methods and empirical work is provided. Perhaps if  more 
empirical analysis had been conducted issues relating to time and efficiency o f the 
approach may have come through more clearly^^.
Xue et al (2007) also aggregated process data in order to attain larger scale system level 
material input-output models, however input-output modelling at the level o f a process
With regards to methods it is stated that the project designed and developed a three step measuring method:
‘'"First, this study integrated bottom-up and top-down approaches, second it selected relevant indicators and third it designed a flow  
chart o f caladations and inputs thereby adopting the life cycle approach and allocation methodology from LCA. ” (Gerbens- 
Leenes et al 2003, page 240)
Although this is stated, it seems that they just integrated bottom up and top down approaches through their literature review and 
structure. No clear top down accounting methodology is put forward.
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for specific materials is conducted initially, as described in section 2.6.4. The authors 
highlight the advantages of this approach is that it enables identification of opportunities 
for environmental impact reduction at the process level as a result o f investigating the 
aggregated manufacturing system level model.
The authors state that:
''very often, environmental problems are apparent when the manufacturing/production 
system is viewed as a whole (many units joined together)." (Xue et al 2007, Page 1)
Yet:
"within the units aggregated to form  a system, it is often difficult to identify the source 
o f  an environmental problem or judge the singular effect o f  change to a process unit" 
(Xue et al 2007, Page 1)
Xue et aTs approach is said to bridge the gaps between the micro (a particular process) 
and macro level (production system). Xue et al (2007) see other key benefits of 
applying process data (in the way they describe) as enabling one to look at how material 
inputs to a system change the material outputs at a substance level, as well as how 
process changes may affect outputs. These qualities relate to consequential analysis. 
These are attributes that can only be achieved when using the sort o f detailed process 
data model they describe.
Albino et aTs (2002) approach is based on methods that are somewhat close to the 
enterprise input-output approach, proposed by Lin and Polenske (1997). But Albino et 
al (2002) extend the system boundary of analysis to outside an individual company. 
The approach uses an 1-0 model based on examining many processes simultaneously 
(as described in section 2.6.4). In their work, two different models are developed and 
described by technical accounting frameworks-one for looking at material and energy 
flows globally and one for local supply chains. This study and Xue et al 2007 are 
excellent examples of bringing together engineering and economic expertise in a way 
that keeps useful physical qualities of an engineering approach intact, but incorporates
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some of the advantages of input-output methodology. The model shows material 
outputs in terms of waste as well as products, but it does not identify material 
transformations in any more detail than this. To look at material transformations, the 
model by Xue et al (2007) is most appropriate.
Kytzia et al (2004) use process data (which they collect) and aggregate up, as described 
in section 2.6.4. They identify that a ‘top down’ approach was not possible due to 
official data being unavailable on single materials at high levels of disaggregation for 
both physical and economic dimensions. They call their method of analysis 
economically extended material flows analysis. They apply physical input-output 
modelling and also estimate complementary monetary input-output estimates. A key 
advantage of the approach is the development of complementary monetary and physical 
accounts, with the transformation from predominantly physical accounts to monetary, as 
opposed to monetary to physical, where biases to estimates can occur as a result of 
relative price variation etc . The authors argue that this can allow one examine 
monetary flows in relation to economic as well as social structures that can be important 
in driving physical resource use. However physical data and accounts can often be 
missing, which can mean the approach is sometimes difficult in practice and extremely 
time consuming. A major limitation of the framework is said to be the applicability of 
the model to analyse only industrial systems. Service sectors are not able to be modelled 
appropriately by physical input-output coefficients. This limits applicability to the 
current project, where the focus is on Hospitality and Food retail.
The disadvantages of all o f these ‘bottom up’ process data models are that they can be 
very data intensive and time consuming. Full coverage of all relevant businesses (and 
the system boundary) is very difficult, due to resources required to attain all data and 
modelling. Klang et al (2003), Penker (2006) and Kytzia et al (2004) identify resources 
required as an issue with studies making use o f process data. Heavy reliance on 
process data for the current project would be labour and time intensive, given time and 
budget constraints and the ambition of this study. A related problem is that using a 
heavily process data based approach makes it generally difficult to enable a whole 
economy analysis and system boundaries are often restricted.
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Hybrid EIO studies are able to overcome this latter problem by for example using 
detailed process data for key parts of a products production and EIO or lO-based hybrid 
analysis for less important parts of the supply chain system (various types of hybrid 
LCA were introduced in section 2.6.2^^). These hybrid approaches can still entail 
significant time and resources depending on the task. Recognising this, Suh and 
Huppes (2005) suggest a rational strategy^"  ^ for using hybrid LCA at a case level (with 
regards to LCA of products). It should however be realised that this rational strategy 
is with regards to looking at the case of a product. The current study seeks to cover all 
businesses of a sector in an area, as well as their direct and indirect emissions and water 
use (so thousands of products used by hundreds/thousands o f businesses). Since the 
current project seeks to conduct attributional analysis, use of process data is not 
considered to be essential as it would be if  conducting consequential analysis. We now 
look at the ‘top down’ EIO household studies.
Sinclair et al (2005) apply a model that can be classed as a hybrid (not hybrid LCA) 
multi-regional input-output approach within the UK. The model uses available national 
and regional economic and materials data sets together with detailed regional transport 
and logistics data. A benefit of the study is its detailed product and material 
disaggregation as well as the ability to look at flows between regions and different types 
of households. The study is innovative in its use and bringing together of different 
datasets. These were valuable lessons for this project. A disadvantage is that only 
limited analysis of sensitivities and uncertainties is conducted for the study and 
application is for regional analysis of households and not businesses and local areas.
Kagawa et al (2007) apply a multi regional, mixed units input-output model (‘top down’ 
approach). The authors build on the WIOA model of Nakamura and Kondo (2002) and 
Kagawa et al (2004). They make use of detailed economic input-output data and 
national and regional environmental data as well as process data. Economic and 
environmental data are very disaggregated, the study has fourteen waste treatments and
Please see Suh and Huppes 2005, Suh and Nakamura 2007, and Finnveden et al 2009 for more details on hybrid LCA.
Rational strategy: The rational strategy applies a step wise approaeh where by the tiered hybrid method is performed first by 
identifying upstream cut-offs (e.g. process data used for a few important processes) and EIO covering remaining parts o f the supply 
chain. With extra time and money, then the next approaeh would be to determine downstream cut offs (so extending the use o f  
process data and further disaggregate 10 table data (using the 10 based hybrid approach to enable greater disaggregation and 
resolution for that part o f  the remaining system not covered by process data)). Using this approach there is said to always be a full 
and consistent system definition, with resolution being added as required.
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21 industrial wastes. The study also applies detailed regional waste make -  use data. 
The waste make-use table data shows the intra and inter-regional physical distribution 
wasteflow among nine regions of Japan. Again a disadvantage of the paper is the lack 
of sensitivity and uncertainty analysis.
Lenzen and Peters (2010) apply a multi regional input-output model to look at spatial 
impacts of household consumption. The authors incorporate detailed spatial data on 
turnover and employment as well as a variety of environmental impacts. The model is 
extremely disaggregated with 344 industries. Linear scaling methods and assumptions 
were used to disaggregate environmental data for some sectors. Ability to overlay 
information onto maps with fairly high detail is demonstrated.
The reason for inclusion b f Kagawa et al (2007), Sinclair et al (2005) and Lenzen and 
Peters (2010) in this literature review, is due to the level o f detail at which modelling is 
conducted (including spatially) and the hybrid approaches applied, making use of 
various datasets. Both are strengths o f the studies and can be learned from. The main 
disadvantages o f the frameworks are that they do not have a direct business focus, 
mainly household and regions or areas. All of the frameworks are also too 
geographically aggregated to apply in the current study. To see how household 
consumption has different spatial environmental impacts (spatial repercussion effects), 
some assumptions are made. This capability is however, a useful attribute.
Although the main focus of the current study’s analysis is to understand direct and 
indirect emissions attributable to businesses in an area. Professor Munday has flagged 
up that the ability to look at spatial repercussion effects that result from businesses 
production could be a useful attribute for policy makers’ use of CLARE (Kagawa et al 
2007 and Lenzen and Peters 2010, conduct such analysis in relation to household 
consumptions). Without direct incorporation into methods. Chapter 5 now provides a 
form of analysis that allows the current project to explore spatial repercussion effects 
from CLARE in relation to businesses. EIO studies focussing on businesses are now 
assessed.
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Matthews and Lave (2003), Foran et al (2005), Lenzen et al (2006), and Trucost (2008) 
all apply a ‘top down’ environmental input-output methodology. The benefit that all 
these approaches have over studies making heavy use of process data, is that estimation 
of direct and indirect impacts for businesses and supply chains is very efficiently 
conducted within the EIO framework, as limited and in some cases, no process data is 
used. Also ‘top down’ EIO analysis is very effective at capturing the whole system 
boundary for the businesses or sectors of concern. Foran et al (2005) makes this 
argument, Suh and Huppes (2005) also note other authors in the literature making this 
latter point. Suh and Huppes (2005) however, identify some conditions with regards to 
effectiveness in capturing the whole system boundary when applied for product LCA. 
Taking account of the most relevant arguments of Suh and Huppes (2005) for this study, 
it is to be noted that if  emissions and water use of imports are not captured accurately by 
the EIO model applied then the system boundary coverage argument may not be as 
strong as suggested. Suh and Huppes (2005) also note that 1-0 data used is usually 
older than process data than can be applied.
Matthews and Lave (2003) produce sector benchmarks using a very detailed EIO model 
(it is actually a hybrid LCA model). The study applies the economic input-output life 
cycle analysis (EIO-LCA 2002) model. EIO-LCA 2002, is said to build on Leontief 
(1936), Lave et al (1995b) and Hendrickson et al (1998). The tool is accessible online 
and useful for conducting comparison. A disadvantage of the work however, is that it 
does not actually produce full benchmarks for individual businesses. It does however 
produce sector level estimates of environmental impact per $ million dollars. These are 
said to be useful to business in providing a screening level benchmark. A strength of 
the approach highlighted by the study is the efficiency and low cost o f applying whole 
economy, sector level models to benchmark business.
As discussed earlier, Foran et al (2005) apply ‘triple bottom line’ analysis. The 
methodology for this is said to be grounded in economic input-output analysis. The 
paper’s method appears to draw on a number of previous studies that applied a mixture 
of 10, energy 1-0 and EIO methods in different ways. The method applies both 1-0 and 
EIO methods to achieve both monetary and environmental outputs. A disadvantage of 
the study is that it only presents limited formal reporting of its methods in the actual
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paper. An advantage of the approach is that it identifies the ability to apply a 
methodology consistent with national accounts across many different scales.
Lenzen et al (2006) and Trucost (2008) incorporate financial and environmental data 
(where possible) of companies into their analysis and the focus is on accounting for 
businesses. A benefit o f Lenzen et al (2006), and Trucost (2008) is that they do actually 
use environmental data as well as real economic data of companies for their analysis 
(Matthews and Lave 2003 do not do this). A disadvantage of considering these 
approaches for the current project is that they rely on businesses coming forward with, 
or publishing relevant economic data and sometimes environmental data.
For the current study, the Lenzen et al (2006) and Trucost (2008) approaches would be 
best, if  all relevant financial and environmental data for the Hospitality and Food retail 
businesses were readily available in the required format and detail^^. Unfortunately 
they are not. A disadvantage o f all o f these studies approaches is that even if  detailed 
economic business data for all businesses were available, one cannot assess 
environmental impacts from specific processes in a supply chain or the material 
transformations, as Xue et al (2007) do. Also, significant assumptions are made when 
applying economy and aggregated sector level models to estimate for individual 
business, due to differences in character between sectors and individual businesses. 
This issue is associated with the aggregation issue earlier discussed. The models can be 
used for attributional analysis but not consequential. For the uses o f the current study in 
enabling a starting benchmark and attributional emissions and water use estimates for 
areas, EIO approaches are sufficient. Due to the relevance of the approaches o f Lenzen 
et al (2006) and Trucost (2008), these two studies methods were looked at in more 
detail in section 2.6.6.
There are sometimes quite significant disadvantages in terms of uncertainties associated 
with estimates derived from EIO models used by Lenzen et al (2006) and Trucost 
(2008) and others. Beynon and Munday (2008) highlight the issue. They identify that 
the effects of imprecision are particularly important in the context of allocating 
ecological footprints to industries (amongst other applications). They found (from
If revenues (in case o f  Trucost 2008) or revenues and money spent on inputs to production by sector (in the case o f  Lenzen et al 
(2006).
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review) however, that only limited analysis of how imprecision and uncertainty in the 
underlying input-output frameworks themselves might be transferred through into 
footprint estimates. In their study they focus on the imprecision and uncertainty in the 
underlying input-output framework and how this effects ecological footprint 
estimates^^. With regards to uncertainty, they also note that CflSA (2008) have used 
Monte Carlo simulations to investigate ecological footprints.
Similarly, Wiedmann et al (2008) look into such uncertainties associated with a recent 
UK -  multi regional input-output model. This is the most relevant study for the current 
project due to being UK based. They assessed uncertainty associated with the CO2 
emissions attributable to consumer final demands in sectors, including for the year 
2004. With relevance to the application of the case studies for CLARE in this project, 
Wiedmann et al (2008) report that the relative error of consumer CO2 emissions 
attributable to Hospitality sector final demand expenditure is 27%. The relative 
uncertainty for other important sectors (due to being used in estimation of indirect 
estimates for Food retail) relevant to this project, are provided in Appendix 2.3. 
Importantly, most of these relative errors (at a sector level) by Wiedmann et al (2008), 
although not minimal are not nearly as large as relative error reported for many other 
sectors. The authors argue that the reported error should be seen as conservative 
estimates, rather over estimated as opposed to under estimated^^.
When applying a MRIO as Wiedmann et al (2008) do to look at sectors or products, 
uncertainties associated with estimates become much more unclear as aggregated sector 
data from different countries become incorporated into estimation. Wiedmann et al
(2008) report that sector aggregation in different countries leads to different product 
mixes in sectors from different countries and regions. This is one o f the reasons why 
they state that such an EIO model is not capable o f performing detailed life cycle 
analyses of individual products with sufficient accuracy. In this way, Wiedmann et al
(2008) provide a useful insight on the potential uncertainty likely to be associated with 
estimates from sector level EIO estimation (particularly for CO2). Importantly
To see review o f some o f  the early studies relevant to uncertainty in input-output systems and some more recent work see Beynon 
and Munday (2006). Much work in this area for 1-0 models has been conducted.
It is however also reported that these relative standard errors should be interpreted with caution, because o f  sector aggregation 
(122 sectors for UK data but much more aggregated for data used from other countries in their multi regional modal (MRIO)).
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Wiedmann et al (2008) do not report the effect that different levels of data aggregation 
and approaches to overcome data aggregation have on estimates of EIO models. 
Although this is so, they acknowledge the importance of this issue and the uncertainty 
in sector level estimates that it generates. No UK EIO studies were found to look into 
this issue to date.
We now look at the ‘top down’ business non EIO studies. The methods by King and 
Tsagatakis (2006) and Bradley and Jackson (2007) can be classed as imputation 
methods (also ‘top down’ approaches). Roderick et al (2002) state that imputation is a 
general and flexible method for dealing with missing data problems. Since the 1970s it 
is said that the literature on the statistical analysis of data with missing values has 
prospered and grown, enhanced by the development and advancement of computers.
The literature found on imputation methods mainly relates to estimation of missing data 
in the fields of health and statistics, but some studies were found in quite a range of 
other fields^^. Following Roderick et al (2002) and Patrician (2002), the methods of 
King and Tsagatakis (2006) and Bradley and Jackson (2007) can be classed as single 
imputation methods. Single imputation can be used to impute one value for each 
missing item. One could conduct or impute more than one value, to enable the 
assessment of imputation uncertainty. The latter situation is called multiple imputation 
(Roderick et al 2002). With the latter technique one can apply techniques such as 
Monte-Carlo simulation to generate a range o f (numerous) estimates for a missing 
value^^. The ability to perform the latter approach is a significant advantage as single 
imputation methods sometimes apply quite strong assumptions, as identified below.
For estimating missing data on the direct emissions of businesses. King and Tsagatakis 
(2006) and Bradley and Jackson (2007) made use of single imputation methods that 
bring together national sector level environmental and employment data, together with 
detailed business employment data (with high levels o f coverage for business) in order 
to estimate direct emissions for businesses of an area (the full method was provided in
Imputation methods papers were found for social and psychological sciences, biological and political sciences, economics and 
other fields.
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More detail on multiple imputation is provided in the methods section.
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section 2.6.7). A key limitation of both studies (especially if estimating for individual 
businesses) is the assumption that emissions per unit o f employment at a sector level 
(on average), can be applied to the employee profile of a business (Bradley and Jackson 
2007) or sector in an area (King and Tsagatakis 2006) to correctly estimate the 
emissions o f a business, and the distribution (between businesses) of emissions in an 
area. Multiple imputation methods could be used to assess uncertainties associated with 
this latter assumption, but no studies were found that conduct this currently. King and 
Tsagatakis (2006) have an extended methodology when estimating CO2 emissions from 
small medium sized enterprises within an area, because of application o f additional data 
(again detailed in section 2.7). It should be noted that King and Tsagatakis (2006) do 
not estimate electricity use by businesses. Bush (2008), does estimate commercial use 
of electricity for local authorities, but estimates are very aggregated (e.g. presented for 
the commercial sector).
Both studies (Bradley and Jackson 2007 and King and Tsagatakis 2006) make use o f the 
Business Structure Database (BSD) which identifies the number of employees^^ for 
each business within an area. This database covers businesses making up 99% of all 
UK output. Employment, postcode reference and standard industrial code are provided 
for each individual business within the BSD. The coverage o f the database is a 
particular strength, increasing the applicability to the current project. Postcode data is 
also a strength as it enables mapping capabilities.
The coverage, efficiency and transparency of the approaches of both Bradley and 
Jackson (2007) and King and Tsagatakis (2006) is their main strength.
2.6.10 How CLARE relates to the key themes and literature
In this section we identify how CLARE relates to the key themes drawn out in the 
review and establish what CLARE actually does in the context o f the literature.
Employees in the current project is used to describe all people that work in a (people with a job) business, the equivalent o f  how  
employment is defined by Office for National Statistics. This was due to the fact that it is an easier word to work with linguistically.
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The nature and resolution of CLARE
The nature of this project is to develop detailed (to the level o f individual business and 
in some cases product) direct and indirect emissions estimates with full coverage o f all 
businesses of a sector within an area. This will allow organisational emissions and 
water use accounts to be produced for individual businesses and local areas. Such 
detailed estimates enable the ability to focus in, target and prioritise businesses with 
higher emissions and water use impacts (e.g. food waste) and optimise support, 
infrastructure planning and strategy development.
The study therefore seeks to be more comprehensive in its estimation than the ‘bottom 
up’ studies of Gerbens-Leenes et al (2003), Albino et al (2002), Xue et al (2007), 
Albino and Kuhtz (2004), Kytzia et al (2004). This study does not seek to provide data 
and understanding at the level of processes for businesses, as the main uses relate to 
business prioritisation and engagement and support to encourage environmental 
reporting as well as resource efficiency. For these reasons CLARE is being developed 
for attributional (as opposed to consequential) analysis and to the level o f individual 
businesses.
In relation to the work of Kagawa et al (2007), Sinclair et al (2005) and Lenzen and 
Peters (2010) the nature of CLARE is different as the focus is attribution to business not 
households, and impacts are to be attributed in much higher geographic detail (to 
postcode districts and individual postcodes).
The nature o f this study is similar to Matthews and Lave (2003), in that the focus is 
businesses accounting and attributional analysis using ‘top down’ methods. This study 
differs however, as modelling is conducted to the level of individual businesses as 
opposed to a sector. This is important, as form of information is important for 
awareness raising and educational uses. To be effective, information must be specific, 
personalised, vivid, simple and close in time to the relevant decision (Sorrell et al 2000). 
CLARE estimation is business specific.
In relation to the studies o f Foran et al (2005), Lenzen et al (2006), Trucost (2008), 
CLARE is similar in that the focus is attributional analysis as opposed to consequential
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analysis and attribution is similarly to the level of individual businesses (as individual 
entities). Also ‘top down’ methods are used in estimation and, in particular, 
environmental input-output analysis. CLARE is, however, different from these studies 
as emissions and water use accounts are attempted for all businesses of a sector in an 
area (with a geographic reference), as opposed to just an account for businesses that 
come forward with financial data to be used in a model. The previous models cited do 
not enable engagement with businesses that do not come forward with data but due to 
the lack of a comprehensive account for all businesses, are unable to conduct 
prioritisation and planning of infrastructure. These are key uses and benefits of 
CLARE.
With respect to Bradley and Jackson (2007) and King and Tsagatakis (2006) the nature 
of this study and CLARE is again different. The two latter studies only estimate direct 
emissions and not indirect emissions. Also estimation at the level of sectors to 1km 
grids or postcode sectors (aggregated estimation) does not enable business engagement, 
targeting and prioritisation or infrastructure development and support in the same way 
as CLARE. The similarities of these two studies relate to a focus on businesses and the 
comprehensiveness nature of estimation in terms of coverage.
CLARE in the context of the literature: Advantages and disadvantages of the 
approach
The proposed CLARE model will enable linkages to detailed business and environment 
databases when conducting emissions and water use estimation. This will enable 
coverage of all (or most) businesses in an area in an efficient, consistent, comparable 
and transparent way to the individual business level and with a sector and postcode 
reference at the same time. Environmental accounts of direct and indirect GHGs, C&I 
waste and water use for each business are developed based on estimating financial data 
and then emissions and water use.
Unlike Gerbens-Leenes et al (2003), Albino et al (2002), Xue et al (2007), Albino and 
Kuhtz (2004), Kytzia et al (2004), the methods of CLARE enable sufficient detail to 
generate environmental accounts for attributional analysis in an efficient and practical 
manner that is sufficient for estimating benchmark accounts, for business prioritisation 
and planning activities in local areas. A disadvantage of the CLARE methods
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compared to Xue et al (2007) and some other studies is that they do not allow enough 
detail and information for an understanding of material transformations or consequential 
analysis. Also, the methods and attributional analysis is only good enough to provide a 
‘likely’ estimate for a business’s direct and indirect emissions and water use and this 
therefore effects uses e.g. estimates may be reasonable to enable prioritisation of 
products and businesses and can provide businesses with a ‘starting’ benchmark to help 
engagement in reporting and resource efficiency. They cannot however be a surrogate 
for actual company reporting.
In relation to Kagawa et al (2007), Sinclair et al (2005) and Lenzen and Peters (2010), 
the advantage of CLARE is that methods focus on attributional analysis o f businesses as 
opposed to households and to very high geographic detail. The disadvantage of 
methods of CLARE at this stage of development is that spatial repercussion effects that 
result from businesses activities beyond (direct impacts) are not modelled directly by 
CLARE (emissions and water use attributable to business of concern are estimated). 
Analysis o f such spatial repercussion effect could in future be modelled for businesses 
as opposed to households if CLARE applied a multi-regional model with a detailed EIO 
model specific to Southampton.
The advantage of CLARE over methods o f Matthews and Lave (2003) is that estimation 
is business specific, allowing an absolute emissions and water use estimate. The 
methods of CLARE use similar EIO methods to Lenzen et al (2006), and Trucost
(2008), although somewhat different as shall be seen in chapter 3. The advantage of 
CLARE over these previous methods is that the model does not rely on businesses 
coming forward with financial data. Instead, the model and methods are designed to 
link with financial databases that provide coverage of businesses in an area and to the 
level of individual businesses. In terms of specifics of the EIO methods used, unlike 
Lenzen et al (2006), this study estimates indirect emissions attributable to a business’s 
production (and not just those attributable to final demand). This is important for a full 
account and Trucost 2008 take the same view in their modelling by estimating 
emissions embodied in the revenues (total o f intermediate and final demand sales) of a 
company. This study applies EIO methods somewhat differently to those o f Truecost
(2008) however, that allow one to associate the indirect emissions to specific purchases
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or product sales (as opposed to just the total revenues of a company) in EIO modelling. 
A disadvantage of CLARE methods is that they currently do not enable the emissions 
information collected by a business to be used in the model. In future, CLARE could be 
adapted to enable this. The methods o f Lenzen et al (2006) significantly enhance 
accuracy in the respect that they have detailed involvement o f a company in the 
estimation process as well as the actual financial data (as opposed to estimated) that is 
used, but this is at the cost of low coverage and costs to businesses and therefore not 
suitable for the current study. The same issue of attaining both coverage and detail in 
estimation is also a problem for Trucost as the method relies on individual businesses 
coming forward with revenue information.
In terms of adding to the contribution of King and Tsagatakis (2006), CLARE focuses 
on investigating the allocation of direct emissions to estimated turnover (using 
emissions per unit turnover coefficients) as opposed to employment (using emissions 
per unit employment). Also modelling is conducted at the level of individual businesses 
as opposed to sectors. These two methodological differences enable the incorporation 
of detailed employee size band turnover and employee size band environmental data 
into estimation, as opposed to aggregated sector employment and environmental data 
(as for King and Tsagatakis 2006). Unlike the previous two studies, this project 
investigates such assumptions as well as the impact of environmental and economic 
data aggregation. It is however, acknowledged that for GHGs some parts of the King 
and Tsagatakis (2006) method could potentially improve CLARE-direct estimation in 
future. This is discussed further in the conclusions of this study. CLARE is also 
different from King and Tsagatakis (2006) because indirect emissions and water use are 
estimated.
2.7 Conclusions
This chapter has investigated current UK industry and business data/reporting of 
emissions and water use in the UK and the need for such reporting. It was found that 
there are substantial gaps in emissions and water use reporting and data. This was at a 
national, sector and local level. The greatest gaps found were in business reporting at a 
detailed local level. Sections 2.1 - 2.5 investigated these gaps and demonstrate a basis 
upon which one can assess the gap for the development of CLARE modelling.
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Sections 2.6 assessed the methods available and of use in developing CLARE as well as 
how CLARE relates to the methods available in the literature. From the review, a 
number of methods were found to be o f use. None of the methods were however, 
directly applicable to the current study due to the need for businesses to come forward 
with relevant data in a form that enables their methods to work. The review forms a 
basis upon which to assess, how exactly CLARE builds on previous work.
From the review of UK and national level reporting (sections 2.2 and 2.3), gaps were 
observed. For example no EIO studies quantify the foreign emissions and water use 
attributable to UK businesses production (although it is acknowledged that some of 
foreign emissions are picked up in accounting from the consumption perspective). It 
was found that to conduct such analysis, a different perspective from the consumption 
and production modelling perspectives would be required. Most EIO studies look at the 
foreign emissions and water use attributable to UK consumption. Although this is so, 
there is a lack of evidence to vindicate that consumers can bring about sustainable 
consumption on a large scale (Sustainable Consumption Roundtable 2006, Lenzen et al 
2007, Hall 2007).
At the same time, the literature does indicate evidence for the role that business can play 
in helping to bring about both sustainable production and consumption (SDC 2007, 
Green Alliance 2010)^\ Businesses are well positioned to bring about such changes 
(see Gerbens-Leenes et al 2003, White 2007, Gereffi and Korzeneiwicz 1994, 
Nakumara and Kondo 2006, and Hall 2000). Therefore, a quantification o f the foreign 
emissions (as well as domestic) attributable to UK business, would be a useful 
contribution to the EIO literature, as would be quantification of the emissions and water 
use attributable to the production of UK sectors, as opposed to final demand (as most 
studies attribute to). Modelling of the (indirect) emissions and water use attributable to 
UK sector production requires a different modelling perspective to that of the current 
production and consumption perspectives currently applied in the EIO literature. The 
project will look into this (in Chapter 3) as the same perspective will be needed when
Whether business actually has the right incentives to bring about sustainable consumption in the current institutional 
environment in which they operate remains to be seen, but potential is there.
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modelling the emissions and water use attributable to an individual business’s 
production.
The greatest reporting gaps were found in local level reporting (Section 2.4). It was 
found that businesses are not reporting in a clear, consistent, comparable and transparent 
manner massé''’ and government and non government emissions and water use 
estimates and datasets are not detailed and disaggregated enough to act as a surrogate.
Although this was so, the review found increasing evidence o f local level action 
(section 2.5) attempting to bring about changes in emissions and water use^^. Action 
must however, be informed by sufficient information to enable environmentally, 
economically and technically efficient emissions and water use reduction and planning 
and strategy. From the review it was found that some are calling for a ‘material flow 
mapping system’ and technical and economic assessment of waste infrastructure etc. to 
aid this task.
Based on these findings, it is believed that the development of a framework that can 
estimate the direct and indirect GHG emissions, wastes and water use for individual or 
all businesses of a specified sector, within a defined area would be a useful and timely 
contribution. In order to generate such a framework, available methods were reviewed 
in section 2.6. The review identified a number of methods useful to the development of 
the CLARE model.
For direct emissions and water use two useful ‘top down’ studies. King and Tsagatakis 
(2006) and Bradley and Jackson (2007) were identified. The latter study has formed the 
basis of the development of CLARE. Both study’s methods are classified as single 
imputation methods. The studies are similar and both attempt to estimate direct 
emissions for business at a detailed local level. The methodology o f King and 
Tsagatakis (2006) however, only results in estimates that are aggregated by sector and 
to 1km grids (in unpublished data) which is too aggregated for the CLARE model. Due 
to conducting modelling at a 1km grid level, there is also not the opportunity to apply 
data specific to individual business types or sub sectors (where available). By not
Control and power at the local level is set to increase under the conservatives.
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taking advantage of this, emissions estimation has potential to be more erroneous. For 
the two studies, coverage and efficiency was found to be high. In this respect, the 
methods match well with the requirements for CLARE. One common problem both 
methods share is the assumption that emissions per unit o f employment at a sector level 
can be applied to the employee profile of a business or businesses of an area, to 
correctly estimate emissions. In the development of the CLARE model, this project will 
investigate and attempt to improve this assumption and investigate uncertainties 
associated with such assumptions by use o f multiple imputation techniques. This is 
believed to have not been performed on previous models. The methods for this work 
are provided in Chapter 4, after the estimation methodology for CLARE-direct in 
Chapter 3.
Beyond these ‘top down’ models, it was clear that various extensions of EIO models 
have been conducted in the EIO (‘top down’ approaches) literature, for example 
extensions of sector disaggregation, extension to pick up regional and county level 
qualities, or extensions to examine individual entities such as a business. Although 
extensions of EIO to look at different levels, e.g. an extension of sector disaggregation, 
of regions, or entities have been present for a while, Foran et al (2005) foresaw the 
ability and importance of conducting extensions in a consistent framework.
Lenzen and Peters (2010) indicate that they have extended their EIO model to develop 
spatial qualities. Although they do so, attribution of the model is still very spatially 
aggregated and appears not to be much more spatially detailed than the equivalent of 
county or local authority level. The aim of this study is to extend the EIO models in a 
unique way, so that attribution of emissions occurs with spatial qualities to the level of 
resolution of individual business or product types for a postcode. Such an approach 
using one framework and similar data ensures consistency in methods and data for 
‘micro’ businesses as well as ‘macro’ economy and sector level modelling. This is in 
line with the principle of multi-scale reporting. Foran et al (2005) foresaw and made 
clear the ability and benefit o f multi scale reporting in EIO analysis.
It should be acknowledged that CLARE currently does not explicitly model spatial 
repercussion effects associated with attributed indirect emissions estimates of each
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business. With the benefit of hindsight, this could have added value to the CLARE 
approach. Analysis is now however, provided in Chapter 5 that attempts to inform the 
extent to which indirect emissions or water use are likely to be emitted or extracted 
locally, and in this way we examine spatial repercussion effects in addition to the 
original aim of section 1.4 in relation to estimating emissions and water use attributable 
to businesses. This adds a new dimension and significant value to the work.
The development of multi-scale reporting in the ‘top down’ EIO literature is leading to 
studies that are having similar capabilities of some of the ‘bottom up’ and hybrid LCA 
approaches (in attempting to link detailed individual entity or supply chain impacts to 
the wider system). Due to this, more overlap is emerging between the coverage, detail 
and aims of ‘top down’ studies with ‘bottom up’ (and hybrid LCA studies) in recent 
times. For instance: Xue et al (2007) note that their ‘bottom up’ approach is able to 
bridge the gap between the micro and macro level. In a way, so to do the approaches of 
Foran et al (2005), Lenzen et al (2006) and Trucost (2008), by looking at an individual 
businesses or entities direct and indirect impacts using EIO^^. Alternative methods 
combining ‘bottom up’ and ‘top down’ approaches (various hybrid LCA type models) 
can also be applied to link detailed individual entity or supply chain impacts to the 
wider system. This strategy involves a trade off between the different pros and cons 
associated with the each method but such hybrid LCA models can improve particular 
weaknesses of either a ‘bottom up’ or ‘top down’ approach on their own.
Although there is overlap, there are differing qualities (and pros and cons) and uses 
from the approaches. Environmental input-output analysis is unable to look at 
individual processes unless ‘top down’ EIOs are combined with process data (of the 
‘bottom up’) approaches in a hybrid LCA model. This allows attributional analysis as 
opposed to consequential analysis to be performed. The advantage o f a ‘bottom up’ 
approach is that consequential and attributional analysis can be performed. In particular 
in some studies such as Xue et al (2007), it is possible to look at the effect that changes 
in the aggregate manufacturing system can have on particular processes or material
It should also be realised that Mathews and lave (2003) seem to have foreseen such potential in their paper titled: Using input- 
output analysis for corporate benchmarking.
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uses. This is not believed to be possible when using combined ‘bottom up’ and ‘top 
down’ (hybrid LCA) approaches.
It was determined that given the ambitious aims of the current project, it’s attributional 
nature and the need for efficient estimation to fulfil the research aim of the study, the 
‘top down’ approaches for indirect emissions and water use estimation are the most 
appropriate. It is acknowledged that by doing this, there is a preference for efficiency 
and coverage as opposed to very high estimation precision and low coverage, but this is 
better suited to the aim, uses and demands for the framework as described in Chapter 1. 
It should be noted that even when ‘bottom up’ approaches are applied, significant 
estimation uncertainty can still exist.
The most applicable of the ‘top down’ studies were those of Foran et al (2005), but 
particularly Lenzen et al (2006), and Trucost (2008). Lenzen et al’s (2006) method was 
shown to be the most accurate, but the added accuracy requires additional engagement 
and extensive data from business. The need for businesses to come forward with 
appropriate data was something that both Lenzen et al (2006) and Trucost (2008) 
require. Business involvement is likely to improve accuracy, but it is also a limitation, 
as:
a) It may take significant time to persuade all businesses in an area to provide 
financial data to enable estimation; and
b) Many businesses may not come forward with required data which would lead to 
failure to achieve the aim of this project.
For this reason neither method is sufficient for the current project. This project will 
however apply EIO analysis as Trucost (2008) and Lenzen et al (2006) do. This project 
will develop EIO methods in conjunction with readily available business databases and 
new methods to overcome limitations of both Trucost (2008) and Lenzen et al (2006). 
Effectively this study will introduce methods to integrate the ‘top down’ EIO 
approaches with the non EIO ‘top down’ approaches (of King and Tsagatakis 2006 and 
Bradley and Jackson 2007). This will allow efficient estimation o f direct and indirect 
emissions and water of all businesses within an area and for every individual business in
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an area. The approach also leads to estimation with lower data collection requirements 
from business, whilst at the same time enabling full coverage of all businesses 
(something that was very difficult before, but is extremely important when attempting to 
conduct targeting or prioritisation or assess waste infrastructure or cumulative direct and 
indirect impacts that local businesses in an area may have on local and global 
sustainability). The approach applied will allow estimation of direct and indirect 
impacts to individual postcodes (and in some cases product by postcode), vastly 
extending current spatial resolution of both current types o f ‘top down’ approaches and 
enable comparable environmental estimation to be developed for businesses 
(particularly SME’s) that often do not report direct or indirect environmental impacts at 
all. Such individual level estimates can be used to engage and support local businesses 
and help reduce their environmental impacts.
The framework will put businesses and production at the fore front of attention (not 
households and consumption), this generally goes against the grain of current EIO 
literature, but is extremely important for the reasons laid out early in this chapter. From 
review these developments are not believed to have been conducted in the past.
Lenzen (2000) and others identify that aggregation and allocation uncertainty are issues 
when applying sector level data (in I-O and EIO analysis) for environmental estimation. 
Su et al (2010) identify a number o f approaches in dealing with environmental data 
aggregation. The current project will look into this issue when applying sector level 
data for applications such as CLARE. This is conducted in Chapter 7. Beyond 
uncertainty associated with use of aggregated data, extensive assessment has been 
conducted on the uncertainty associated with UK EIO models in the recent past. Due to 
this work being already published, as well as time constraints, the current study will not 
‘re-invent the wheel’ but build on this work. Robustness of indirect emissions by 
comparison with other studies will be conducted in Chapter 8. A detailed assessment of 
uncertainty associated with direct emissions estimation has not however been conducted 
and this will be investigated in the current project.
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In line with the conclusions of this chapter, the research questions o f this project are 
now identified at the start o f Chapter 3 before selection and documentation of the 
methods and data applied for CLARE.
113
C h a p t e r  3: CLARE M e t h o d o l o g y  a n d  D a t a
3.1 Introduction
This the chapter starts by briefly introducing the research questions for the PhD 
resulting from the Literature review. Identification of the research questions directly 
requiring formal method development and presentation is then identified , followed by 
an overview and description of the key methods presented in this chapter and its 
structure. We now briefly introduce the research questions.
The first five research questions of this PhD are derived in line with the main aim of the 
PhD. Finally, the sixth research question relates to the ability to use emissions and 
water use estimates to derive emissions and water use targets. The research questions 
are now identified.
1. ‘Framework development’ research question: Can a framework be 
developed that can estimate the direct and indirect GHG emissions, wastes 
and water use of individual businesses o f a specific sector and for all 
businesses within a specific sector within a defined geographic area?
2. ‘Framework accounting’ research question: What does the framework tell 
us about accounting for GHGs, water use and waste arisings when applied to 
businesses at the local level?
3. ‘Uncertainties and sensitivities’ research question: What are the uncertainties 
and sensitivities associated with the use of mean values in the framework 
and data aggregation?
4. ‘Framework assumptions’ research question: Are the assumptions of the 
direct emissions and water use framework an improvement upon 
assumptions of previous frameworks?
5. ‘Infrastructure planning and prioritisation’ research question: Can 
infrastructure planning and prioritisation of high direct and indirect 
emissions and water use locations, businesses and products be enhanced 
from the produced emissions and water use estimates?
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6. ‘Pilot targets’ research question: Can pilot emissions and water use targets 
be developed from such estimates?
Of the above research questions the ‘Framework development’ research question (1), 
the ‘Uncertainties and sensitivities’ research question (3) and the ‘Framework 
assumptions’ research question (4) require direct formal methods development and 
presentation. The remaining research questions do not require direct formal methods 
development, but make use o f results and analysis that results from the implementation 
of the methods. This chapter presents methods for the framework development research 
question. Methods development for assessment o f sensitivities and uncertainties 
(research questions 3 and 4) is provided in Chapter 4.
In response to the ‘Framework development’ research question (1) this chapter presents 
the methods o f the CLARE model and the data used in the model. Overview of 
methodological literature is provided where relevant in the chapter to provide a solid 
base to assess selection of methodological EIO components of CLARE.
In the chapter, new methods are developed in conjunction with standard methods such 
as environmental input-output analysis (a component o f CLARE) in order to bring 
about the required framework. CLARE is composed of two sub frameworks, one for 
the direct (CLARE-direct) and one for the indirect (CLARE-indirect) emissions and 
water use estimation. Before introducing detailed methods (starting with CLARE-direct 
in section 3.2) an introduction and overview o f the CLARE model is provided here.
The CLARE model brings together a range of secondary data sets, in order to bring 
about new, previously non existing estimates. Both sub-frameworks of CLARE bring 
together economic and environmental accounts using various methods which will be 
explained. The development of CLARE-indirect requires an Environmental Input- 
Output (EIO) model component as part of the framework. The EIO model enables 
indirect GHG emissions, wastes and water use to be estimated. Section 3.3.1 describes 
a basic EIO model, as well as a two region extension to account for trade. Following 
this extension, a discussion of the strengths and weaknesses of such methods are 
provided (in section 3.3.2), followed by a review of alternative EIO model formulations 
(section 3.3.3) to provide a solid grounding to the EIO model selected for use in the
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current study, and references for further reading. The modelling perspective applied 
when conducting EIO modelling is then described (section 3.4), followed by the 
specific EIO equations applied for Hospitality and Food retail in this thesis (section 
3.5). Section 3.6 introduces CLARE-indireet for the Food retail sector and section 3.7 
introduces CLARE-indirect for Hospitality. Section 3.8 presents the limitations and 
assumptions of the CLARE modelling approach.
A broad overview of CLARE is provided in Figure 3.1 :
C L A R E
EIO
CLARE-indirect
CLARE-direct
Estimates of GHG emissions, wastes and 
water use for business in a local area
Figure 3.1: Overview of CLARE
For CLARE-direct, modelling makes use of sector (macro) and individual business 
(micro) data, but final outputs are produced for businesses (micro level). For the EIO 
analysis, modelling is done at the sector (macro) level. For CLARE-indirect, modelling 
makes use of sector (macro) and business (micro) data but final outputs are produced for 
businesses (micro level). To enable the modelling required for CLARE-indirect, a new 
perspective is introduced and presented in section 3.5: the provision perspective. For 
simplicity, the term emissions will be used to describe GHG emissions and wastes for 
much of the chapter^" .^
84 The CLARE methodology can also be applied to water use, simply by substituting figures for emissions with those for water use.
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In section 3.9 we present the data (and data preparations) used for both CLARE-direct 
and CLARE-indirect. At the end of this section a data summary is provided before 
concluding the chapter in section 3.10. In this concluding section we provide an 
overview of the model and methods developed and point out how these methods and the 
model link to and build on the literature and enable the thesis to provide an original 
contribution. This includes an in depth discussion of the provision perspective.
3.2 CLARE-direct
This section presents methods for CLARE-direct. Equations as well as system diagrams 
are used to describe methods. We start by introducing the main equation of CLARE- 
direct.
The key equation that CLARE-direct uses is quite simple: direct emissions (e^)
occurring from a business (o) are estimated by multiplying the estimated turnover o f a 
business of concern by the estimated emissions per unit turnover for a business, as seen 
in equation 3.1. This example is for a single company in sector j.
e ^ = t o « j  (3-1)
Where:
C is the estimated turnover for the business o; and
Uj is the average emissions per unit turnover for the relevant sector (sector j), 
corresponding with the business;
Before equation 3.1 can be applied, both c  and uj  have to be estimated for a business. 
A range of steps are required to produce C and uj  making use o f various datasets and
equations. The first step is to pick a specific sector for which one needs to estimate 
emissions of businesses within a geographic area.
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The remaining steps, 2, 3 and 4 are outlined in Figure 3.2 (including the final step 
occurring in equation 3.1, at the bottom of the figure). Steps 2 and 3 are applied to 
estimate . Step 4 is applied to estimate u j .
/ d u m b e r  o f e m p lo y e e s ^  
(size band) a n d  SIC c o d e  of 
b u s in e s s  In a  sp ec ific  
g e o g rap h ica l 
location
^  A verage an n u al tu rn ­
over (or GVA) p e r em p loyee  
fo r SIC s e c to r  em p loyee  
^  s ize  b an d  (£M) ^
E m iss io n s  
per£1WI tu rn o v e r (or GVA) 
fo r SIC co d e d  s e c to rs
' E m iss io n s  o f a '  
SIC co d ed  b u s in e s s  (o) 
V within a spec ific  / 
\  a rea  /
T u rnover o f 
th e  b u s in e s s  (o)
A nnual R e s p o n d e n ts  D ata­
b a se
UK e m is s io n s  & 
tu rn o v e r (or GVA) by s e c to r
B u s in e ss  S tru c tu re  
D a tab ase
Figure 3.2: System diagram of CLARE-direct
The sector is identified from step 1, the Business Structure Database (BSD) can then be 
searched for all businesses within the sector, within a defined area. Once businesses are 
found from the BSD^^, it is possible to identify the full 5 digit (most disaggregated 
level) standard industrial code (SIC) that each business belongs to, the number of 
employees and the post code. For each business of the group of businesses, the 
following later steps are conducted (the example business shown in Figure 3.2 and in 
later equations, is denoted by subscript o).
The average annual turnover for the relevant business needs to be estimated (step two). 
The Annual Respondents Database (ARD) is used for this. Unlike the BSD, this dataset 
does not include businesses representing 99% of all UK output. For the businesses that 
are within the database however, the number of variables and the ‘richness’ of the data 
is much higher than in the BSD. In recent years the ARD has contained between 50,000
85 This database includes 99% o f all output o f businesses in the UK (ONS 2008).
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to 60,000 observations. The ARD is searched to find all businesses within the same 
size band and SIC sector (5 digit) as the relevant business found in the BSD. 
Businesses found are termed as matching businesses. The key details used to match 
businesses are the SIC code and number of employees. The number of matching 
businesses is often between 10-200 businesses: size bands or sub-sectors may be 
aggregated, if  required. Once matched businesses are found, the calculation of the
average turnover per employee ( f  j  ) for these businesses occurs^^. This is conducted as
follows:
i = 1 to n where n is the number of businesses in the sample (3.2)
Where:
f  j is the average turnover per employee for a given size band and SIC j;
ti is the turnover for the matching businesses i found in the ARD; and 
rui is the number of employees in business i within the matching sample.
Two common references exist between outputs of steps one and two. Both outputs have 
a reference to employees and SIC. The common reference to employees and SIC allows 
turnover (f , ) to be estimated for business (o) isolated from the BSD dataset. This 
estimation occurs in step three as seen by equation 3.3:
to = 1  jt”o (3.3)
Where:
is the number o f employees of the business o.
Step four uses various datasets to obtain the published annual emissions data and 
turnover for a sector j (and size band if  possible). Emissions per unit turnover are 
estimated as shovm in equation 3.4:
The bar on the f  j  signifies that it is average.
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U j  = —  (3.4)
h
Where:
Uj is the emissions coefficient for sector j (i.e. emissions per unit o f turnover);
6j are the emissions of sector j ; and 
tj is the turnover of sector j .
Departing from CLARE-direct, we now move on to review how indirect emissions can 
be estimated at a sector level (section 3.3) and then the modelling perspective applied 
(section 3.4), in preparation for CLARE indirect in section 3.5.
3.3 Environmental input-output
In this section we will formally introduce one of the key methods for this project: EIO 
analysis, as it is an integral method to generating indirect emissions estimates finally 
used in CLARE-indirect. As a starting point, for this input-output analysis is 
introduced. Sub section 3.3.1 provides an introduction to input-output and EIO models 
for impact analysis. Section 3.3.2 provides a review of the strengths and weaknesses of 
EIO and section 3.3.3 reviews different types of EIO models that could be applied. 
Section 3.3.4 provides conclusions on this section and a short review of those that have 
previously applied the selected type of EIO model used in the current study.
3.3.1 Input-output analysis and environmental input-output analysis
Leontief first developed input-output analysis and the frameworks that enable this 
analysis (Millar and Blair 1985)^^. He developed the methods in the late 1930s.
Firstly we will introduce the basic Leontief input-output model: 
x = ( I - A ) - 'y  (3.5)
The actual idea o f  developing detailed accounting o f  inter-industry activity dates back much earlier to the work o f  Francois 
Quesnay 1758 (Millar and Blair 1985).
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Where:
X is a vector of total gross output;
I is an identity matrix;
A is the technical coefficient matrix; and 
y is a vector of final demands.
This model estimates the output (x) resulting in the economy from final demand 
expenditures (y) in industrial sectors.
This basic economic model can be transformed into an EIO model capable of estimating 
emissions attributable to consumption in a given region, resulting from final demand 
expenditure (in sectors). EIO extensions initially began to be carried out in the late 
1960s. The framework referred to by Miller and Blair (1985) as the limited Leontief 
EIO system shows how this can be done. An equation for the basic EIO model is 
provided in equation 3.6:
e = u’(I -A )" V  (3.6)
Where:
e is a vector o f the emissions attributable to final consumption; 
u is a vector o f emissions coefficients for a region; and 
u is the transpose o f u.
Although these basic models can estimate well the domestic output and emissions that 
result from final demands of domestic industry, the model is for a closed economy 
where there are no imports. Therefore it does not account for financial and emissions 
flows of imports attributable to the final demand of domestic sectors. In order to 
account for this a two region model by Proops et al (1993) and later Papathanasopoulou 
(2006) and Jackson et al (2006) can be applied. Both Proops et al (1993) and 
Papathanasopoulou (2006) are cited in this section as the description by 
Papathanasopoulou (2006) is clearer. The original model is by Proops et al (1993). We 
now describe this trade extension, firstly for the basic economic model.
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To begin with, a 2 region inter-regional trade input-output table is defined in Table 3.1, 
as seen in Proops et al 1993 (p. 13 3) and more clearly in Papathanasopoulou 2006 
(p.58).
Region a Region p Final Demand Total Output
Region a X“ H«P v““ y-P x“
Region p R p a xP xP
Table 3.1: An inter-regional trade input-output table
Where:
Xa is is a matrix of intermediate flows from region a;
is a matrix o f flows from region a to region P; 
y°^ is a vector of final demand from region a to region P;
X“ is a vector of total output by region a.
The technical coefficients matrix (A), shown in equation 3.5 and 3.6, describes the 
intermediate flows of region a in proportional terms as follows:
a (3.7)
In matrix and vector form this can also be written as:
X " = A V  (3.8)
The matrix o f inter-regional intermediate flows can also be developed into similar 
technical coefficients like those described in equation 3.7, except the matrix would be 
In attributing (financial flows and later emissions) to final demand of industries in 
region a, the interest is with which provides coefficients for intermediate imports 
into region a, demanded by domestic sectors for their production (for producing final 
demand and intermediate products). B*^ “ provides a proportional relationship between 
imported intermediate purchases inputs and total outputs o f commodity], :
Xj
This can be shown in matrix form as:
(3.9)
(3.10)
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Following Papathanasopoulou (2006) and Proops et al (1993), equations 3.8 and 3.10 
can be substituted into Table 3.1 and described in matrix-vector notation as:
^A“x“ "x“^
+ =
^BP«x“ A"x% y .
(3.1 l)And following Papathanasopoulou (2006) this can be simplified to:
+
X
(3.12)
^BP« a P
Following Papathanasopoulou (2006) and rearranging (3.12) to make output x “ the 
subject provides the equation shown in Proops et al 1993 (p. 134):
^ ( I -A “) -B^'P  ^
(I-A P )-B (3 13)
Now, y“ can be decomposed into y““ (final demand for goods made in region a and sold 
by sector for consumption in region a) and final demand exports y“*^ (goods produced in 
region a and consumed in region P). Such resolution for each region can be presented 
as seen in Proops et al (1993, p. 135):
y yPCyPP
(3T4)
'x “ '
^x X y
Output can be similarly disaggregated, e.g. domestic output generated for domestic 
consumption (x““) as follows:
(3T5)
Following Papathanasopoulou (2006), and in line with Proops et al (1993) the 
representation of the inverted, intra-regional and inter-regional relations are simplified 
as follows:
(3.16)
Equations 3.14 and 3.15 can be substituted into 3.13 to provide a disaggregated form of 
the inter-regional trade model. This is the next step described by Papathanasopoulou 
(2006) and demonstrated in Proops et al (1993):
^ ( I - A “) - B “P "
-1
y  Q "
,-BP" (I-AP)^ y  s ,
123
f M Q 
R S
y yap\
l y "  y ' '  ;
apA
X'"'" X
x'’'* /
(3.17)
This equation describes the flows of goods in monetary terms between and within 
regions a  and p.
In order to estimate emissions attributable to a sector’s domestic final demand, 
emissions vectors are ideally required for the two regions a (u“) and P (uP). Following 
Papathanasopoulou (2006) and Proops et al (1993 p. 135), the emissions vectors are 
diagonalised to enable combination with equation 3.17. This leads to the following 
equation for estimating emissions attributable to regions a and p.
V ’o
0 u*^
 '^(y«« 0 Y X““ X"^!M Q 
R S 0 u ' yP« yPPy X  X  y
(3.18)
To estimate emissions attributable to final demands of sectors in region a, the interest is 
in attribution to y““ and yP“ (in other words a  is the second superscript o f y). Following 
Proops et al (1993 p. 136) and by multiplying out the left hand side of equation 3.18 and 
identifying the elements where final demand derives from region a:
G = u“'My"“ +u"'QyP“ +uP'Ry““ + uP’SyP“ (3.19)
The rule for inverting partitioned matrices (Johnston 1972 p.90, seen in Proops et al 
1993) is used to find M, Q, R and S explicitly.
M = G [G s ( ( I - A “) - B “P (I-A '‘)-'B '’“)“‘]
Q = GB“'*(I-A '’)-‘
R  = (I-A ")-'B '" 'G  
S = (I-A P )- '(I + B'’“GB“'*G(I-A'*)‘‘)
(3.20)
(3.21)
(3.22)
(3.23)
Following Papathanasopoulou (2006) and Proops et al (1993 p. 135) the small country 
assumption is then made. This assumption is explained: It is possible, that some o f the
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emissions embodied in region a exports may end up being used in region P (the rest of
the world) to produce goods to be sent for consumption or use (intermediate and final
demand) in the UK. Jackson et al (2006) states that in the literature, such emissions are 
often discounted due to the relative size of countries such as the UK compared with the 
rest of the world. Taking account of this condition the assumption B“^ =0 is imposed, as 
seen in Proops et al (1993). By substituting this assumption into equations 3.20 -3.23, 
the following equation results:
M  = ( I -A " ) - ' (3.24)
Q = 0 (3.25)
R  = (I-A P )" 'b P“( I - A “)"' (3.26)
S = ( I - A y  (3.27)
Equations 3.24 -  3.27 can be substituted into 3.19 to provide the following:
u " 'M y ""= u " '(I-A ")- 'y ""  (3.28)
u"'QyP"=0 (3.29)
uP'Ry"" = uP'(I-AP)"'BP“( I - A “)"V ““ (3.30)
uP’SyP“ =uP'(I-A P)-V "“ (3.31)
For the UK (region a), we know A“ and u “ in disaggregated form with an acceptable 
level o f robustness. We do not have A^ and in dissagregated form for the rest o f the 
world without large associated uncertainties and a loss of tractability o f the model, as is 
further explained in this section under the heading o f trade. To move forward with a 
tractable model, one can follow Proops et al (1993) and assume (domestic technology 
assumption):
u“'( I - A “) - '= uP'(I-A P)-’ (3.32)
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Following Proops et al (1993) and substituting 3.32 into 3.30 and 3.31 results in the 
following equations 3.34 and 3.35 below. Firstly, domestic emissions attributable to 
domestic final demands of sectors is:
= u " '(I-A ")- 'y "^  (3.33)
Additionally, foreign emissions attributable to domestic final demands of sectors are 
estimated:
= u"'(I-A")-' BP“(I -A “)-'y““ (3.34)
Following Proops et al (1993), equation 3.35 is used to estimate foreign emissions 
attributable to imported final demand:
= u“'(I -A “)-'y^  (3 .35)
3.3.2 Strengths and Weaknesses of EIO
The EIO framework described has a number of strengths and weaknesses. We firstly 
start by outlining weaknesses that relate to the assumptions inherent in the basic 10 
model and EIO model and then go on to look at strengths. The section draws on Miller 
and Blair (2009) and their previous work of 1985, as the book provides a solid 
grounding on the inherent strength and weaknesses of 10 and references relevant to the 
issues. In this review we identify where assumptions and limitations are most relevant 
to modelling business for current or past years and therefore relevant to the current 
project.
The technical coefficients (A) developed for the basic 1-0 model are fixed and static, 
being developed based on a snapshot from a year’s worth of 1-0 table data. This fixed 
and static approach, usually based on monetary data, is at the core of the 10 model and 
results in implications and assumptions for production functions, technology, 
substitution of inputs, prices, equilibrium of the economy and time. Additionally, the 
link made by the model between final demands (y) and output (x) in the basic 1-0 
equations, results in the model being demand driven and this assumption is inherent in
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the depiction of the economy that is being modelled. Implications from the assumptions 
of the 1-0 model are now summarised and structured one by one. Where possible, 
reference is made to techniques and extensions that can allow one to overcome some of 
these limitations. Drawing on Miller and Blair (2009) further references are also cited 
where appropriate. In this section we also review the strengths and limitations of 
modelling emissions from overseas trade using the two region model (Proops et al 
1993^
A review of assumptions and limitations relating to: production functions, demand 
driven economies; prices; economic equilibrium; technology; substitution of inputs, 
time and trade is now provided.
Production functions
Production functions relate the amount of input used by a sector to the maximum 
amount of output that is or could be produced by the sector with those inputs. In 1-0 
analysis a fundamental assumption is that inter-industry flows from sectors i to j are 
entirely the result of sector output of sector j over the same time frame. There is 
argument over the exact nature o f this relationship. Technical coefficients in 1-0 
assume a fixed relationship between a sector’s inputs and its output and therefore 
constant returns to scale (tripling all inputs will triple output and decreasing inputs by 
half will result in a halving of output etc) as a result o f a linear (Leontief) production 
function. The ratio/proportion of different inputs required to produce a unit o f output 
for a sector i is fixed even when output of sector i decreases or increases^^. This 
therefore ignores marginal changes in relations that may result with changing levels of 
output as a result o f economies of scale in production.
In reality, the 1-0 model’s constant returns to scale assumption may not be the case, as 
proportions of inputs used may vary depending on the scale o f production (Miller and 
Blair 2012). Constant returns to scale is said to not be too umealistic for labour 
intensive industries e.g. retail and restaurants (Bhandari and Mitchell 2008), but in 
capital intensive industries it may be less realistic. Constant returns to scale is defended
Miller and Blair (2009) therefore state that the Leontief production functions require inputs in fixed proportions.
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chiefly on the grounds of simplicity (Christ 1955 as seen in Miller and Blair 2009). The 
former author also notes that it is quite possible that analysis based on this assumption 
will lead to satisfactory empirical results when investigating some problems. The 
current study estimates an annual account for previous years, based on actual demands 
and outputs of sectors and for relevant labour intensive sectors. This assumption is 
therefore arguably not as important and relevant as would be the case if  wanting to look 
at marginal changes in output o f emissions that result from short term growth in 
demands for a manufacturing business.
Demand driven economy
The 1-0 model is assumed to be demand driven. As illustrated in equation 3.5 a stimulus 
of final demand will result in a given level of output in the economy. By assuming that 
the economy is demand driven it is assumed that increases in production do not lead to 
inflationary effects and therefore no price changes, no lags or constraints. Economic 
expansion may not however, be possible at the pace predicted by 1-0 models, as there 
may be limits to labour skills available etc. This is particularly the case if  the economy 
of concern is at or near full employment. In such situations, the assumption is not 
realistic (Miller and Blair 2009). The current author notes that for a given economy of 
one country at or near full employment, workers from foreign labour markets can 
sometimes be employed.
An approach to address some o f the demand driven model, is to use a supply driven 
model such as developed by Ghosh (1958). Such a model is based on the same base 
year 1-0 table data that underpins the demand-driven model. Using the demand driven 
model, the Leontief inverse relates sector gross output to the level of final demand (a 
unit o f product leaving the inter-industry system to satisfy a final demand). The Ghosh 
model on the other hand, relates sector gross production to primary inputs. Instead of 
fixed input coefficients, fixed output coefficients are assumed in the supply-side model. 
For more on this see Miller and Blair (2009), or the earlier publication cited. In terms 
of numerical applications it is pointed out that Augustinovics (1970) and Giarratani 
(1978) demonstrate application of the Ghosh model. Other examples of application are 
said to include Chen and Rose (1986) and Davis and Salkin (1984).
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Miller and Blair (1985) state that the assumption of constant output coefficients of the 
supply side model deserves just as careful scrutiny as the constant-input-coefficient in 
demand led models. Quite a number o f authors have raised reservations about the 
model however (see Miller and Blair 2009 for more detail)^^. In order to deal with 
some of the reservations and criticisms of the Ghosh model, Dietzenbacher (1997) 
proposed an alternative interpretation by putting forward that the model be viewed as a 
price model as opposed to a quantity modef^ (Miller and Blair 2009).
The current author notes that the demand driven assumption is particularly important 
when estimating future output or emissions, and particularly changes in short term 
output and emissions. When looking at previous years (as the current project does), 
where production has happened and where prices were captured in annual data, the 
assumption is not such an issue.
This next assumption relates to prices. Since these are captured in previous years data: 
this is again not such an issue, but would be if  estimating for future years or using an 
out of date Leontief for a given year. The current study models 2004, using 2004 UK I- 
O tables.
Prices
In the monetary 10 model technical coefficients are fixed for the year of concern as 
discussed earlier. Miller and Blair (2009) however note that in reality technical 
coefficients (zy’s) can change with prices, even though the basic structural relationship 
in physical terms remains unchanged. It is said that structural relationships between 
sectors in an economy would perhaps be measured most accurately in physical units. 
This would at least eliminate the influence o f price. With regards to 1-0 tables in 
physical terms, Stahmer (2000) provides an overview of work in this area, and others 
such as Hubacek and Giljum (2003) and Hoekstra and van den Bergh (2006) and earlier 
publications have also looked at this area in relation to EIO models. Miller and Blair
(2009) however state that there are significant problems in attempting to value services
Miller and Blair (2009) state that the problem is centrally around the point that using the Ghosh model, input increases in sector j 
are transmitted forward to output increases in all sectors that buy from j, without increases in primary input use in those sectors. It 
is said that this results in major issues for the notion o f  sectoral production functions where material inputs and primary inputs are 
used in fixed proportions.
Alternative interpretations were also discussed by Oosterhaven 1996 and others.
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in physical units and even goods in some eases-due to data availability and 
disaggregation ete (seetors can have numerous goods and serviees at various differing 
prices).
With regards to problems with priees in the basie input-output model, a range of models 
have been developed to investigate priee effects. Miller and Blair (2009) state that a 
Leontief priee model is often used in assessing the impaet on prices throughout the 
economy, resulting from an increase in value added eosts in one or more seetors e.g. 
priee changes in one sector and then resulting estimated price changes for other 
sectors^^ are estimated (e.g. wage inereases are 30% in seetor 1 and this results in a 
given price increase in sector 1 then priee increases for sector 2 are estimated at 6% etc, 
and so on). For an example of this type of 1-0 model, see Melvin (1979). Sueh a model 
is based on monetary data. The logic for these models is that changes in labour input 
prices (or more generally primary input priees) result in changes in sectoral unit costs 
(and therefore output prices, not output quantities) via the fixed production recipes in 
the A matrix and the Leontief (Miller and Blair 2009). Miller and Blair (2009) cite 
Oosterhaven (1996) and Dietzenbacher (1997) as more recent work in this area and state 
that, as opposed to a demand pull type model, this model is more completely known as 
the cost-push input-output model. In this model, quantities are fixed while prices 
ehange. For further recent applications of such models and details o f a price model 
based on physical data and quantity model based on physical data, see Miller and Blair
(2009)®.
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The latter authors ( p.44) state that:
“For example, cost increases are passed along completely as intermediate input price increases to all purchasers, who in turn pass 
on these increases by raising their, output prices accordingly etc. ”
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Miller and Blair (1985) note that a number o f authors have generated alternative variations o f  the basic Leontief price model and 
they site Gupta (1976), Lee et al (1977), Moses (1974), Pai (1979), Polenske (1978) and Youngs (1978). Variants o f  this model are 
said to fall into three basic categories: models relating to disaggregation o f value-added components; models developed based on 
differing commodity output prices; and thirdly what are said to be “price-output” models that make use o f  the price model to 
identify price changes and the output model to determine total output impacts. It is said that Pai (1979) extends a multi-regional 
price model in relation to investigating environmental pollution. Critically Miller and Blair (1985) identify authors (such as Hudson 
and Jorgenson 1974) that have look at econometric approaches to determine technical coefficients as a function o f  relative price 
changes o f inputs. This directly addresses the key fixed-input-requirements assumption in the basic 1-0 model (Miller and Blair 
i9My
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The Economy is in equilibrium
An important assumption in input-output is that the economy is in equilibrium. Kuenne 
(1963) as highlighted in Miller and Blair (2009), characterises Leonteif s open input- 
output model as an equilibrium model rooted in the feature that relative prices of inputs 
are completely determined by fixed technical coefficients. In reality, over time prices 
change. As prices change, this can effect demand as changes in prices effect 
consumers’ levels and characteristics o f purchasing etc. With prices changing, a new 
economic equilibrium in the economy is found. In Kuenne (1963), the concept of 
economic equilibrium is defined as a specific solution, characterized by a state of 
balance between opposed forces acting upon economic variables (as seen in Miller and 
Blair 1985).
Beyond the assumptions of Leonteif s modelling paradigm, where prices of inputs are 
completely determined and fixed in modelling, some alternative models do not apply 
such a fixed perspective and instead, a more general model of economic equilibrium is 
employed: one which relies on methods to specify elasticities. Elasticities are 
dimensionless parameters that capture behavioural responses in an economy as a 
function of relative prices (Miller and Blair 2009). As well as the price elasticity o f 
demand, other elasticities exist, such as the income elasticity of demand etc.
For these alternative models, the fixed technical coefficients assumption is relaxed by 
specifying technical coefficients econometrically as a function or relative price of 
inputs. It is said that such specifications are based on statistical estimation from surveys 
of price data over a given historic period (Miller and Blair 2009).
Miller and Blair (2009) state that the expansion of 1-0 frameworks to models of 
economic equilibrium has over the last couple of decades, been one of the most active 
areas relating to input-output and other types of economics analysis. They cite models 
that have attempted to overcome input-output limitations in this way, such as Johansen 
(1960), as a first attempt. Further extensions and work have been applied, including an 
investigation of economic implications of different policies for limiting GHG emissions 
in the USA by Jorgenson and Wilcoxen (1993) and Zhang (1998 and 2000) amongst 
others. Similar model extensions in regional form have also been conducted. Miller
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and Blair (2009) state that one of the first such attempts was an integrated regional 
input-output/econometric model by Conway (1990). Li and Rose (1995) also seem to 
apply such a regional approach.
Kremers et al (2000) provide a comparison of CGE models for the analysis o f climate 
change policies. Some specific examples of CGE studies looking at environmental 
policy and its economic implications are those such as Glomsrod et al (1992), Hyman et 
al (2002) and Hanley (2006). A recent example of a CGE model for looking at 
sustainability is provided in Ferguson et al (2005).
Quite a lot of recent applications of CGE models have investigated impacts of carbon 
related taxes, some examples include Xie and Saltzman (2000), Yang (2000), Liang et 
al (2007) and André et al (2005).
The issue of price changes resulting in a new economic equilibrium is again most 
relevant when modelling future years, where uncertainty exists over what future prices 
will be. Therefore when modelling for annual estimates with actual annual accounts, it 
is not such an issue. Zhang (1998) also identifies that I-O models generally have far 
greater level o f sector detail which is important for the current project.
Technology
As fixed average technical coefficients are developed from national sector level data for 
a year, they reflect the average sector level technology of production used in that year. 
In reality, different firms of a sector may use somewhat different types and forms of 
technology for production and their inputs may embody the use o f different (from sector 
level average) technology for the year. This is the most relevant EIO assumption for 
the current study as we apply average fixed technical coefficients to estimate output for 
specific sectors and types of businesses. Knowing this assumption, where ever possible 
the current study attempted to use the most disaggregated data possible so that the 
average technology assumption most relevant to the sector and firms (for which 
estimation is being attempted) is used. Even so, the assumption remains a limitation 
relating to estimates produced from EIO.
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Substitution of inputs
Fixed technical coefficients at the sector level nationally result in fixed proportions for 
each industry, which implies that there is only one “ recipe”  for the production of a 
given product for that year (Miller and Blair 2009). This results in the “no substitution 
among inputs” assumption. According to Christ (1955), this assumption can be termed 
in two ways: only one process is used for the production of each output, or level of 
output determines uniquely the level of each input needed. In reality, it is often possible 
for businesses to substitute between inputs (Miller and Blair 2009). This assumption is 
relevant to the current project, as the modelling applies fixed proportions for sectors.
In such a model, each flow of intermediate goods zy is viewed as serving as an input for 
current output xj. In addition to comments already made. Miller and Blair note however 
that some input goods contribute to the production process but are not immediately used 
up during that production; such as machines (technology), buildings and so on. Miller 
and Blair (2009) further state that clearly in current production, the machinery, 
buildings etc. are already in place. If an economy is growing however, then anticipated 
production (next year) is different from current production (this year) and the level of 
capital inputs may change. To take such realities into account dynamic modelling 
approaches could be employed, where some values of the model are ‘un fixed’^ .^ It is 
said that an issue that arises in many dynamic models is in deciding which values 
should be fixed in the dynamic process (Miller and Blair 2009). The authors also state 
that assumptions inherent in such models, such as the stability o f capital coefficients 
over time, should be treated with as careful scrutiny as assumptions about fixed 
coefficients in the static input -  output models. For some additional dynamic models. 
Miller and Blair (2009) cite Miemyk et al (1970), who investigate alternative economic 
development strategies for West Virginia and Miemyk and Sears (1974), where impacts 
of pollution-control technologies on regional economies are investigated with a 
dynamic input-output model.
Time
As stated earlier, 1-0 tables are developed based on snapshot collection of a year’s 
worth of data. The 1-0 model then uses these data to generate fixed technical
Unlike static input-output dynamic models assume that all sectors are producing at full capacity.
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coefficients that are straightforward to compute and reflective o f the production 
technology and structure of the economy for a given year. When using the model to 
estimate the output of a sector as a result o f final demands, there is no consideration of 
the fact that production takes time. Miller and Blair (2009) state that in this sense, the 
model has a missing temporal characteristic. They cite relevant work.
For the current study, this assumption is not serious as we are accounting for the year in 
which production and emissions and water use occurred, 2004 (using mainly 2004 
data). Often the assumption is not a problem (depending on application) so long as 
production occurs within the year. Mules (1983) does however identify that in some 
situations there may be a significant part of multiplier effects still outstanding after a 
year. With this sometimes being the case, some may wish to consider a dynamic 
approach. Miller and Blair (2009) state that research to incorporate time lags in 
production for input-output frameworks (again using a dynamic approach) started to 
come forth in the mid 1980s. They cite Mules (1983), Ten Raa (1986 and 2005), 
Romanoff and Levine (1986 and 1990) as well as Cole (1988,1997, 1999). These sort 
of approaches are a form of dynamic modelling.
Trade
In order to account for trade, the basic EIO framework was extended to a two region 
model as seen by Proops et al (1993). This model has a number of assumptions and 
limitations that are now described. The first assumption is the small country 
assumption (explained when describing the model). Such an assumption seems 
reasonable given the small size of the UK and that it is not a major exporter like the 
USA or China. The assumption is unlikely to substantially affect accuracy o f estimates 
of emissions attributable to UK sector domestic final demand.
In relation to the technical coefficients matrix and emissions vectors used in the two 
region model, it was assumed that:
u“'( I - A “)-‘ = u '’'( I -A '’r '  (3.32)
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This is called the domestic technology assumption. Others such as Jensen (2011) also 
apply such assumptions when modelling waste. This was assumed as we do not have 
for the rest of the world in disaggregated form, and disaggregation is important 
when modelling individual sectors. The assumption also avoids incorporation of many 
additional assumptions and unknown uncertainties associated with many foreign 
databases which would reduce clarity and tractability of estimates of the model. The 
assumption therefore allows us to move forward with a clear, tractable and transparent 
disaggregated model. However to enable this, it is assumed that the UK technical 
coefficient matrix and emissions vector can substitute a technical coefficients matrix for 
rest o f the world production. However, in the case of A this assumption may not hold, 
as although sectors o f other countries can be similar in terms of technologies and inputs 
employed per unit o f output, sectors of countries can also employ quite different 
technology and inputs per unit o f output. Additionally, the emissions or water use 
intensities of sectors in different parts of the world can also be very different.
These two assumptions pose key limitations to estimates of the two region model. The 
assumptions however, do enable clarity and tractability to users in terms of knowledge 
of datasets used (for which UK data has a certain standard of robustness that statistical 
agencies provide) and clarity in assumptions and disaggregation used in estimation. 
Therefore companies using CLARE can make clearer judgment on the extent to which 
their associated production (direct and indirect) does or does not conform to the 
assumptions of the model and estimates when conducting investigation. They can also 
be sure that all datasets used have a level of confidence and disaggregation associated 
with them. These are key attributes and strengths that the two region model can provide 
CLARE. Such attributes are much more difficult to attain if  using datasets from 
numerous countries, constructed in different ways from different data with different 
uncertainties, and with different levels o f disaggregation.
A full multi regional model, or a quasi-multi-regional input-output model, as developed 
by Druckman and Jackson (2009), could be have been used. For a review o f various 
types of models to account for trade effects, see Wiedmann et al (2007). With regards
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to uncertainties for different types of models and a somewhat alternative conclusion to 
Wiedmann et al (2007), see Weber (2008)^" .^ Weber (2008, p.22) states that:
“/L  is clear that several large uncertainties exist in the creation and use o f  
environmental MRIO models, though it is also clear that their use is increasing due to 
the increasing desire to model international trade and. differences in production 
practices across countries. Different modellers choose MRIO fo r  different reasons, and 
fo r  some uses (such as approximating multidirectional trade fo r  a large number o f  
commodities in countries with less detailed lOTs) the advantages o f  MRIO models 
probably outweigh the additional uncertainties in their use. However, as argued here, 
it is important to remember that MRIO models are no panacea fo r  modelling the 
impacts o f  global trade. The necessary aggregation and simplification, along with 
exchange rate uncertainty, rest-of-world assumptions, and several other unquantifiable 
uncertainties make MRIO a minefield fo r  practitioners desiring fairly accurate 
numbers''.
He goes on to state that:
''given the uncertainties, detailed single region models with simplified trade modeling 
should also be considered, especially i f  the analysis only requires a few  commodities to 
be modelled and a hybrid analysis using SPA is possible. ”
Strengths of the lO  and EIO framework
EIO models allow us to make connections between direct activities in the economy and 
resulting indirect activities (economic and environmental) as a result o f multiplier 
effects throughout the economy. In such analysis, a link is made between the demands 
of final consumers (or a business in the current study) and resulting economy wide
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Wiedmann et al (2007) conclude; “Results from the reviewed studies demonstrate that it is important to explicitly consider the 
production recipe, land and energy use as well as emissions in a multi-region, multi-sector and multi-directional trade model, which 
is globally closed and sectorally deeply disaggregated. Only then reliable figures for indicators o f  impacts embodied in trade, such 
as the Ecological Footprint, can be derived.” (Wiedmann et al 2007, page 23)
Weber (2008) concludes that given the uncertainties o f  MRIOs: ‘‘detailed single region models with simplified trade modeling 
should also be considered, especially if  the analysis only requires a few commodities to be modelled and a hybrid analysis using 
SPA is possible.” (Weber 2008, page 22).
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effects. Other methods such as material flow analysis cannot provide such links (as 
argued in Papathanasopoulou 2006).
A key strength of environmental input-output is that it is a relatively straightforward and 
understandable method (for bbfh business and government); not a ‘black box’ to users 
and observers who may make use of models and results, CGE models are sometimes 
criticised in this respect. 10 and EIO are also widely used and recognised around the 
world. The UN advocate the use o f 10 and EIO models. As a result o f EIO being a 
standard and regularly used method o f modelling environmental impacts, estimates can 
be more comparable with other similar models for the UK and other countries.
Assumptions and limitations of input-output are often not as severe when just 
accounting for output of a business or economy over a past time frame (usually a year). 
For example, in the year we qre modelling for (2004), we know what the economic and 
environmental outputs and structure for the economy actually were over the year, 
therefore issues relating to Time, technology, economic equilibrium, prices and the 
assumption of being demand driven are not such an issue as they would be if  modelling 
future years.
The most relevant assumptions, to the current project are the fixed average technology 
assumption and the assumption relating to substitution of inputs. For these 
assumptions, there are some extensions that can be conducted to overcome some o f the 
limitations of EIO frameworks (for example in relation to substitution of inputs). There 
can however, sometimes be significant additional uncertainty generated from data and 
assumptions used in helping overcome assumptions and these can result in their own 
limitations and uncertainties, as identified in Miller and Blair (2009). The current 
project investigates such uncertainties by investigating disaggregation, which 
aggravates the fixed average technology assumption and the assumption of substitution 
between inputs. Only limited analysis has looked into tho'effects of aggregation in UK 
EIO models, and aggregation is a relevant issue wheh wanting to conduct EIO 
modelling for businesses.
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A key strength of 10 and EIO is that the models can be generated without onerous time 
and financial requirements. This is an important issue for a lone researcher. Data 
required is generally often available. For example, for many countries supply and use 
data and input-output data is produced on a regular basis. Additionally, for the UK and 
some other countries, environmental accounts are often regularly produced in a format 
compatible with economic accounts (e.g. by SIC codes).
Of critical importance to the current project is that the EIO models can be applied and 
adapted to allow estimation at various levels, national economy, regional, and local 
level and to estimate for individual entities such as a businesses. This allows us to 
estimate indirect (whole economy) environmental and economic impacts that result 
from economic activity efficiently, which is a key requirement in order to achieve the 
main aim of the study.
The EIO model also enables a framework that can in future be extended to look at 
environmental, economic and social impacts in a straightforward manner within the 
same framework. This makes the model more applicable to investigate sustainability in 
an integrated and consistent way in future, when building on the work of CLARE. 
Additionally, a key strength of environmental input-output is that it allows us to have a 
complete system boundary without cutting short the full impacts that result in the 
economy from a given level of activity. This is an important limitation o f alternative 
methods such as LCA. A consistent system boundary aids consistency and 
comparability across businesses.
3.3.3 Review of EIO models
The work of Miller and Blair (2009) is used to provide a brief synthesis of various EIO 
models and techniques. This synthesis helps identify the range of techniques and 
options available in EIO modelling and provides a solid grounding for the EIO selection 
for use as a component of CLARE-indirect. A review of the main different types of 
EIO models and analysis are presented. They range from basic EIOs for impact 
analysis (described in equation 3.6) to more complex forms, including Ecologic- 
economic models. The review draws heavily on Miller and Blair (2009), who provide a 
whole chapter and quite comprehensive review of EIO modelling, where possible we
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incorporate relevant and recent studies that provide some examples of the models 
described by Miller and Blair (2009). We start with the most basic models and move 
on to describe more complex extensions and models. Towards the end o f the section we 
critique each models applicability for the aim of the current project.
Generalised input-output models and analysis and the basic framework
The basic 1-0 and EIO models are broadly the models described in equations 3.5 and 
3.6. This form of model (and analysis) is commonly used in public policy analysis. For 
example, in examining the impact o f a new spending programme on an economy. Such 
models provide a general framework for tracking impacts associated with inter-industry 
production generated in response to a spending programme, characterised in the 
framework as a set of final demands. One may examine a range o f impacts, such as 
pollution, employment and capital expenditure as a result o f such spending (emissions 
attributable to a given level of final demand). One could easily replace pollution or 
employment impacts etc. with a corresponding matrix for virtually any factor, 
associated with inter-industry activity that we assume varies linearly with output.
Miller and Blair (2009) describe how the basic EIO model can be formulated in various 
ways and show various basic analytical methods to achieve different chosen outputs. 
The basic model express total impacts as a function o f final demands; that is, total 
output o f pollution (in the economy) associated with a given level o f FD. This 
formulation was originally applied by Just (1974) and Folk and Hannon (1974) to look 
at the impacts of new energy technologies. Additional applications are identified by 
Miller and Blair (2009) as Forssell and Polenske (1998), Qayum (1994), Schafer and 
Stahmer (1989) and Lange (1998). A recent and more relevant example is that of 
Lenzen and Peters (2009) amongst many others.
Impact analysis form -  This form is most traditionally considered in 1-0 applications, 
where the question is: what are the industry outputs and factors associated with inter 
industry activity, resulting from a given schedule of final demands to occur in an 
economy. This type of model is very straight forward and has a unique solution. With 
regards to this form. Miller and Blair (2009) site Johnson and Bennett (1981), Hannon, 
Costanza and Herendeen (1983) and acknowledge that many others have also applied
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this form of analysis. For example, some recent examples o f impact analysis of 
activities such as sporting events or tourism can seen in Jones and Munday 2007 and 
Jones 2008 amongst others.
Planning forms -
Input-output can be used in planning applications, where one seeks to optimise 
(maximise or minimise) some object function related to inter-industry activity^^. The 
planning form allows one to relax fundamental assumptions in the framework in order 
to investigate specific situations, e.g. enabling technical coefficients to vary in response 
to price changes, adding capital coefficients in dynamic input-output models, or adding 
trade coefficients in multi-or interregional models. Such models can avoid some of the 
assumptions of the basic 1-0 model identified earlier.
Extensions of the planning approach
Miller and Blair (2009) identify a number o f different techniques and extensions of the 
planning form, such as Linear programming. Multiple Objectives, Conflicting 
Objectives, Linear Goal programming and Policy programming. These types of 
formulations are now discussed. These can address some of the limitations and 
assumptions inherent in the basic 10 and EIO models.
Linear programming
When wanting to minimise or maximise some objective function related to interindustry 
activity, it is useful to think of input-output as a very simple linear programming 
problem. Miller and Blair (2009) demonstrate a linear programming problem using two 
sectors (to keep simple) by relaxing the equality that total output -  the value of 
intermediate output = the value of final demands (so that it can equal at least the value 
of final demand and possibly a surplus). They show that using this technique, one can 
attempt to identify the minimum value of total value added that satisfies deliveries to 
final demand for a given situation. For environmental input-output extensions however, 
one can look to identify the minimum value of pollution that satisfies deliveries to final
95
Advantages o f the planning form is for applications where one wishes to optimise an objective other than the objective implicit 
in a traditional I-O model.
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demand. With more variables than used in their examples, solutions can become more 
complex. It is said that an important advantage of posing the environmental input- 
output framework in this way, is that one can consider alternative objective functions 
and/or additional constraints as part of a planning problem. This approach is a kind of 
simple optimisation, enabled and resulting from relaxing some of the equalities used in 
the impact analysis form of the model. In this way it is useful for planning (Miller and 
Blair 2009).
Kondo and Nakamura (2005), Cristobal (2010) and Hristu-Varsakelis et al (2012) are 
believed to be recent examples of environment related linear programming studies.
Multiple objectives
The linear programming formulation of the generalised I-O planning problem can 
include alternative, or multiple objective functions in approaching planning problems as 
opposed to just one. For example, one may want to minimise the value added cost to 
meeting a target final demand, while minimising energy use and pollution also as goals. 
This technique relates to decision making with multiple objectives as opposed to one. 
This is said to be a well developed area with published review of such approaches by 
Cohen (1978), Cochrane and Zeleny (1973), Nijkamp and Rietveld (1976), Trzaskalik 
and Michnik (2002) and Tanino, Tanaka and Inuiguchi (2003), as cited in Miller and 
Blair (2009). Oliveira and Antunes (2004 and 2011) also provide recent publications in 
this area.
The multiple objectives approach could be useful in attempting to develop and optimise 
environmental and economic strategy together. Miller and Blair (2009) consider one 
such approach, called linear goal planning, where the Leontief framework is extended to 
investigate environmental issues.
Conflicting Objectives and Linear Goal programming
This approach advances linear programming by allowing the analyst to look at more 
than one objective. Once the first objective is satisfied the analyst then moves to satisfy 
the second objective. It is stated that conceptually the key to converting this LP 
problem into a goal programming problem is to consider the implicit objective (e.g.
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minimising value added required to deliver final demand) as explicit. To do this and 
allow both objectives to be achieved, the technique uses what are called deviational 
variables (a form of surplus variable). These variables measure deviation from an 
established goal, e.g. for an explicit objective function q. These deviational variables 
therefore measure over or under achievement of an established goal (for both 
objectives).
These deviational variables can be further explained: for example overachievement of a 
goal k, leads to positive deviation (indicated by a non-zero value) where as 
underachievement leads to a negative deviation (from the goal) and under achievement 
also indicated by a non-zero value (but negative as opposed to positive). Two 
deviational variables are used. Miller and Blair (2009) provide the following: dk  ^and dk' 
. When dk  ^> 0 then dk" = 0 and vice versa etc. Therefore when both of the deviational 
variables are zero, the goal is achieved optimally.
Following Miller and Blair (2009), different objectives can have different orders of 
priority. In order to account for the order of priority on objectives, the analyst assigns 
objectives to pre-emptive priority classes, denoted by Pl where 1 = 1....Z. Z is the total 
number of priority classes. With goal programming (GP) the analyst gets to a stage 
where he no longer really distinguishes between what in the LP formulation were 
objective and constraint equations, rather he/she considers them all goal equations that 
are optimised in a specific pre-emptive order o f priority. Miller and Blair (2009) 
provide an example of this situation where all the former objective and constraint 
equations are being posed as GP goal equations 1,2,3,4 etc. The equations are then 
essentially solved so that there is a continual reduction o f the feasible region of 
solutions until the feasible region is refined to a single point - an optimal solution.
Policy programming
In policy programming, the impact and planning versions o f the generalised input- 
output model and goal programming are said to be combined in an integrated approach. 
Blair (1979) is said to conduct such an approach. Following Miller and Blair (2009), A 
number of steps have to be conducted to achieve this approach, these are now identified.
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A number of future scenarios (alternative future regional energy development scenarios) 
are firstly developed. The scenarios are all defined to satisfy a set of generalised input- 
output system process equations e.g. enabling future final demands to be satisfied with 
consequent output in the economy. Miller and Blair (2009, p.469) state that:
"each future scenario is defined in terms o f  values o f  industry output, energy 
consumptions, pollution emissions, and regional employment that comply with the basic 
Leontief identities and accompanying direct impact coefficients fo r  energy use, 
environmental pollution emissions, and regional employment. We define a collection o f  
values o f  these variables that comply with these system process functions as a consistent 
scenario. ”
Using this approach the method of analytical hierarchies (which helps to structure the 
issues and navigate towards goal achievement) is applied in order to define preference 
scenarios, which are said to be linear combinations of future scenarios. As part o f the 
method of analytical hierarchies, weighting is used to generate a linear combination of 
future scenarios that reflects the relative desirability of different future scenarios. 
Desirability is believed to be accounted for through stakeholder preference. Preference 
scenarios are generated for each of a number of defined policy makers and/or relevant 
decision makers in the planning process, for example: industrial consumers, government 
bodies or regulators, electric utilities etc. It is said that since the preference scenarios 
are linear combinations of consistent scenarios, they are consistent by the definition of a 
consistent scenario provided in the above quote (Miller and Blair 2009).^^
It is said that variables defined in the system process functions are then divided into 
clusters, for which the various policy makers (and other relevant individuals) have 
varying degrees of relative influence. The analytic hierarchies method is then used 
again, this time however it is used to define weights of relative influence of policy 
makers (and other relevant individuals) over those clusters. It is said however at this 
point that the composite scenario^^ will not likely be consistent (by the earlier
^  Said to be a theorem from Blair 1979.
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Composite scenario is defined as a linear combination o f  these future scenarios.
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definition) with the set o f system process functions due to the fact that the relative 
weights put on clusters are derived independently and the composite scenario cannot be 
said to be a linear combination o f consistent scenarios. Therefore, goal programming 
is used to solve this problem and define a consistent composite scenario. GP is used to 
find a consistent scenario that is as close as possible to the composite scenario, but that 
complies fully with the defined system process functions. Various types of multi­
objective decision-making tools in addition to the latter approach just discussed, are said 
to be used to extend input-output analysis to address environmental problems and are 
available in the literature (Miller and Blair 2009).
Ecological commodities
We have earlier discussed ecological outputs that can result from economic activity. 
One can also, in conjunction with ecological outputs such as CO2 estimate ecological 
inputs; flows from the ecosystem to the economy. In conducting such modelling, it is 
said that ecological commodities can be restricted nonmarket materials because 
marketable commodities can be adequately dealt with through the Leontief its-self as 
they are priced and present in the input-output accounts from which I-O models are 
derived (Miller and Blair 2009).
In developing such a model, one needs to generate a set of ecological commodity inputs 
such as land etc. The magnitudes of which can be captured in a matrix M = [mkj], an 
element o f which is said to reflect the amount of ecological input o f type k used in the 
production o f economic sector j ’s total output. It is said that similarly a set of 
ecological commodity outputs is defined. Miller and Blair (2009) identify that Johnson 
and Bennett (1981) classify ecological commodities in line with the sources fiom which 
they are extracted and the sinks in which they are eventually discharged. Measurement 
of these ecological flows is said to be in physical units. Ecological commodity input 
and output coefficients are developed in a similar way as defined earlier for emissions 
such as CO2 .
These input and output coefficients can then be applied like in the basic environmental 
input-output model earlier defined. This time however ecological inputs as well as 
ecological outputs such as CO2 can be estimated. Given that the aim o f the current
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project is to estimate mainly important ecological outputs in the form of GHGs and C&I 
waste we will not be extending the model to estimate nonmarket ecological 
commodities beyond water use. This is however, a useful extension that could be 
further applied to CLARE in future. An example of modeling ecological commodities 
is provided in Dabi and Anderson (1999).
Pollution generation model
Earlier in equation 3.6 we defined ecological outputs (in terms of CO2) associated with 
industries in physical terms. They can however be defined in terms o f £ of pollution 
generation by each sector. Miller and Blair (2009) state, for example, that by letting p  
denote pollution generation, Zpi= £50 would indicate that sector 1 generated £50 of 
pollutant etc. This converts pollution output in to a monetary value (e.g. the price paid 
for services to dispose of pollution). It is said that these values can be divided by output 
and in a way treated like technical coefficients Zpi/xi. (£ o f pollution services 
purchased/output of the sector). With some minor changes made to the model as 
described in Miller and Blair (2009), one can estimate the output o f an industry 1 (xi) 
attributable to a given level of final demand, but also the amount of pollution generation 
Xp (in monetary terms) attributable to final demand. The current author envisages that 
some additional adjustment may be required in order to achieve this, as purchases made 
to deal with pollution by sectors should already be in I-O tables in some form (although 
perhaps aggregated) before specifically identifying them using this method. With 
regards to the development of such models and further reading. Miller and Blair (2009) 
cite the work of Ayres and Kneese (1969), Gutmanis (1975) and Leontief and Ford 
(1972).
Most recently Trucost (2008) have been applying a somewhat similar (but different 
approach) approach. Crummey (2008) identifies that once Trucost have estimated total 
physical resource use and emissions attributable to a company’s revenue (FD and 
intermediate demand sales), e.g. a given tonnes of CO2 and a given quantity o f mercury, 
they then estimate a monetary value (in terms of damage cost) for these environmental 
externalities. The monetary value is in terms of damage cost estimates (e.g. damage per 
tonne of CO2). These are estimated based on techniques often used in environmental 
economics such, as various revealed-preference techniques and stated preference
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techniques (see Perman et al 2003 for specific examples of such methods). Farber et al 
(2002), also provide background on various valuation methods and some of the issues 
and strengths and weaknesses of such an approaches, as do Whitehead et al (2008) and 
others. In practice it is sometimes very difficult to provide reliable values using such 
techniques. The current project does not seek to monetise environmental impacts, but 
this could be a useful future extension.
Pollution elimination
Miller and Blair (2009) state that in a similar fashion as the pollution generation model, 
pollution abatement (or waste management) could be introduced into a Leontief 
framework as one or more columns that represents a sector that has the function of 
reducing or eliminating pollution. This column would be included in addition to the 
pollution-generation row, as introduced above. The colunm would have coefficients 
(ay) that represent inputs to the technological process that removes (or manages) the 
pollutant. It is stated that if  the act of reducing pollution also creates some pollutant, 
then this would appear in the form of a monetary coefficient in the pollution-generation 
row. Miller and Blair (2009) show a table to illustrate this. It is also identified that it 
may not be possible to eliminate all pollution, so some pollution is in this way accepted. 
This ‘tolerated pollution’ is described in the model as a negative final demand fp 
(tolerated pollution level by society not technically a demand). . One would assume 
they put in the negative value manually. If this negative total is subtracted from the 
pollution generated, this would indicate pollution eliminated. Miller and Blair provide a 
numerical example for such a model for one pollutant but identify that it can easily be 
extended to several pollutants as Ayres (1978) do.
A UK attempt to model pollution abutment is provided in Alan et al (2004). From this 
paper, it is believed that modelling o f pollution elimination was first proposed by 
Leontief (1970).
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Economic-Ecologic models
Ecological commodities are defined as:
"nonmarketable quantities that are either inputs used by or outputs discharged from a 
production process. ” (Miller and Blair 2009, page 483)
It is said that adopting this definition one can quite easily extend the notion of 
commodity -by-industry accounts to account for environmental activities in terms of, or 
related to ecological commodities. Beyond just having a vector o f pollution or resource 
intensity for example, account can be more specifically taken of the environmental (or 
ecosystem) flows by creating what Miller and Blair (2009) term an “ecosystem 
submatrix”. This is linked to the matrix of inter industry economic flow, similarly to 
the way that regions are interconnected in an interregional input-output model. Such a 
model is often called a fully integrated model (Miller and Blair 2009).
With regards to fully integrated models, it is said by Miller and Blair (2009), that both 
Daly (1968) and Isard et al (1972), worked on similar methods for incorporating 
environmental activities into an input-output framework. Both approaches are said to 
use flow matrices within and between economic activities and environmental processes. 
Daly’s work uses a highly aggregated industry-by-industry economic submatrix. His 
classification of ecosystem processes includes: life processes (processes by plants and 
animals etc) and non life processes (e.g. chemical reactions in the ocean or atmosphere). 
Miller and Blair (2009) cite Richardson (1972), Victor (1972) and Isard et al (1972) as 
discussing the strengths and weaknesses of this approach in detail. The availability of 
data for the ecosystem submatrix is said to be the most problematic issue in such 
modelling. Victor (1972) develops a form of what is termed limited economic-ecologic 
models. When he did this he pragmatically limited the scope o f the fully integrated 
form of model by Isard et al (1972) to account for only those flows of ecological 
commodities from the environment into the economy and waste products from the 
economy into the environment. By taking this more pragmatic approach, data were 
generally available to enable the model to be generated in a straight forward way (Miller 
and Blair 2009). Given the aim of the current project is to estimate emissions and
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water use, extending the EIO model in this way is not necessary, but may be a possible 
future extension.
Pollution Dispersion
Effects of pollution on people and the environment depend on the nature and 
concentrations of a pollutant and sometimes other things such as composition of water 
etc. For Sulphur dioxide (SO2) pollution in air generated by an electricity production 
plant and dispersed from a smokestack, concentrations of SO2 at various locations in a 
region surrounding a plant depend on a variety of technical, climatic and geographic 
factors e.g. stack height, local topography, wind direction and speed etc. In the input- 
output literature some have coupled pollution dispersion models together with 10 
models. Miller and Blair (2009) cite examples by Berlinsky et al (1973) and Coupé 
(1977). Assumptions are made in such models. For example, it is said that most 
approaches make the assumption that air pollution dispersion occurs as a “Gaussian 
plume” from given point sources^^. Formulas are used to describe this dispersion which 
gives the pollutant concentration at a “receptor point” measured downwind from the 
pollutant source. This type of EIO modelling may be relevant where heavy industry is 
concerned, so may be of use to CLARE when modelling steel manufacturing or other 
heavy industry. For the case study sectors in the current thesis however, the model is 
not particularly relevant. For more details see Miller and Blair (2009). A relatively 
recent UK example of a pollution dispersion model can be seen in Hawdon and Pearson 
(1995).
Other applications
Miller and Blair (2009) identify a range of other uses and provide references for this 
work. Other applications include use o f EIO to examine various different environmental 
policy measures, such as GHG reduction measures, economic and environmental 
implications of recycling or ecosystem restoration. Additionally, when reviewing 
relevant models in this study in Chapter 2, applications such as analysis of waste flows 
between regions were identified, as well as identifying and understanding emissions 
embodied in household consumption and business amongst other applications and
Pollutants are assumed to disperse symmetrically about a centreline (the x axis) o f  the plume in both the horizontal and vertical 
directions.
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extensions. Economie and environmental issues associated with trade were also cited 
in chapter 2 and are also acknowledged in Miller and Blair (2009). This is a key and 
expanding area in current EIO literature. For a review of EIO models and trade please 
see Wiedmann et al (2007), Weber (2008) and Weidmann (2009). Some analysts have 
also expanded EIO frameworks to include the social costs o f environmental pollution 
and elimination. Also, adaptations of national accounting systems have been made to 
better accommodate environmental costs and benefits of inter industry activity, relevant 
citations are provided in Miller and Blair (2009).
Review of EIO models in relation to the current project
The aim of the EIO model to be employed in the current project, is to estimate the direct 
and indirect emissions and water use of the businesses o f a sector within an area. The 
work requires a straightforward and tractable model for attributional impact analysis: 
impact of a business’s activities on attributable emissions and water use for a given 
year. For these reasons planning forms of EIO such as the use of Linear programming; 
Multiple objectives; Conflicting objectives and Linear goal programming were decided 
against for the current work. Such models could however in future be employed if 
investigating multiple objectives for an area such as pollution, employment and 
economic output etc, engagement with key stakeholders could also usefully be 
conducted with the policy programming framework. Such applications could be useful 
when investigating business related sustainability and not just emissions and water use 
on their own. Other models could in future also provide a deeper understanding of 
some of the assumptions of EIO as identified in section 3.3.2 to investigate the fixed 
technology assumption and substitution o f inputs. Given time and resources it would 
have been difficult to apply such analysis in addition to all other tasks required to 
achieve the research questions. Miller and Blair (1985) also identify that approaches to 
overcome inherent assumptions can cause their own added uncertainties. Although this 
may be so, such approaches could in future be used to further investigate EIO 
assumptions of CLARE.
With regards to pollution generation models, the current study does not aim to monetise 
pollutant flows, therefore such models are not relevant to the current project but may be 
in future applications. It should be realised that accurate monetisation o f environmental
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impacts can be quite extremely difficult in many situations. Pollution elimination 
models are also outside the aim and research questions of the current project as we seek 
to generate emissions and water use estimates, not pollution elimination. Pollution 
elimination models could in future however complement analysis by CLARE. 
Achieving data for pollution abetment sectors from UK data was previously 
investigated by the current author but it can be sometimes very difficult due to 
aggregation of I-O sectors of concern.
One may use economical écologie versions o f EIO models to attain a more full and 
holistic characterisation of interaction and flows between, to and from the economy and 
the environment. However, data availability is very much an issue when employing 
such models. Such a complex model is not necessary to achieve the aim and research 
questions of the current project, but may in future be of value for analysts that seek a 
deeper understanding o f a business’s interaction with the environment, particularly if 
future data available improves.
Finally, the pollution dispersion models could conceivably be used quite effectively for 
the current project, if  investigating effects of a business on air pollutants with toxic 
effects (such as SO2) on a population in an area or given locality. The current work 
however, focuses on C&I waste, GHGs (pollutant linked with global effects on climate) 
and water use for sectors that do not produce large quantities of toxic pollutants such as 
SO2, therefore the models are not further pursued. If looking at sectors from heavy 
industry such as steel production then extensions could be useful in CLARE modelling.
3.3.4 Conclusions on the model to be developed
Based on review, the basic impact analysis form of EIO model is most suitable to fulfil 
the aim and research questions of the current project. In order to account for trade, the 
two region model as described in section 3.3.1 is applied. In an ideal world, where 
detailed and disaggregated economic and environmental data (for both GHGs, C&I 
waste and water use) exist with a reasonably robust level of associated accuracy, a 
MRIO model may have been developed and deployed. However, following Weber 
(2008) we selected the two region model for its transparency, clarity, tractability and 
ability to keep higher disaggregation throughout modelling and because associated
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uncertainties are clearer in such a framework. These are important characteristics for 
the CLARE framework. Below we provide a summary o f a review of other studies that 
have used the Proops et al (1993) two region model in the past.
study Two region model employed Focus/use of the model
Proops and Atkinson (1993) Yes
Sustainability, accounting for International trade 
supplying domestic consumption
Cruz (2002 ) Yes
Portugese consumption based accounting and 
country responsibility for 1992
Sym ons,Speck and Proops (2002 ) Yes Distributional effects of carbon and energy taxes
R hee and Chung (2006) Yes
C O 2  embodied In trade flows o f C O 2  between  
Japan and South Korea (1 99 0  and 1995)
Jackson et al (2006) Yes
Carbon trade balance and attribution to 
household consumption 2 00 2
Bradley et al (2006 ) Yes
W aste  trade balance and attribution to household  
consumption 2004
Bradley et al (2007) Yes
W aste  trade balance and attribution to sector 
final dem and 1995  and 2004
Tunç, Türüt-A§ik, and Akbostanci (2007) Yes Turkish C O 2 responsibility by sector 1996
Druckm an et al (2008) Yes
UK consumption based accounting for 1990 and 
2004
Jackson and Papathanasopoulou (2008) Yes
Changes in resource consumption patterns In the UK 
between 1958 and 2000
Papathanasopoulou and Jackson (2008) Yes Fossil resource trad e  balances 1968  - 2000
C ruz and Barata (2008) Yes Portugese CO; country responsibility
Serrano and DIetzenbacher (2010 ) Yes
Trade balance of countries and country responsibility, 
example of Spain 1995 and 2000
Table 3.2: Review of those who have applied the Proops et al (1993) model in the
past
From the review of studies applying the two-region model in the past, it can be seen that 
the focus and use o f the model has mainly been used to investigate the trade balance and 
responsibility of a country or sectors (based on attribution to final demand) and 
investigating emissions attributable to household consumption. The current study 
applies the model to investigate emissions and water use attributable to sectors and 
businesses production in line with research question 1. We now formally present the 
perspectives and methods applied for such modelling.
3.4 EIO Perspectives applied for CLARE modelling
EIO models are often used to account for the resource use and emissions attributable to 
household final demand: termed accounting from the consumption perspective. 
Applying this perspective, all emissions that arise in the production o f goods and 
services are attributed to the households that consume or make use o f the goods and 
services. These emissions could occur in the UK or abroad. As noted in the literature 
review o f Chapter 2, a common alternative perspective is the production perspective.
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Using the production perspective emissions that directly arise from direct activity in 
different sectors are accounted for (industry and commerce, the public sector, 
investment and households). Jackson et al (2007) describe this perspective in more 
detaif^. The production perspective is the perspective used in the CLARE-direct 
model^ ®®. This project however, introduces a new perspective termed the “provision 
perspective”. This perspective is applied in estimation for CLARE-indirect. Using 
thisperspective the thesis attempts to understand the amount o f emissions that occur 
upstream of a business in order to provide the goods and services of a business. The 
perspective provides businesses, policy makers and academics with an understanding of 
the upstream emissions that a business potentially has influence over. The perspective 
applies a similar system boundary to that o f the cradle to gate system boundary in life 
cycle analysis. Adding together the emissions from the production perspective and 
the provision perspective gives an estimate of the emissions embodied in the production 
of a business or a sector. One has to however acknowledge that, generally, businesses 
will overall have more jurisdiction and direct control over their production perspective 
than provision perspective emissions. However businesses still can have significant 
scope for influence over their provision perspective emissions via actions and processes 
for more sustainable procurement or supply chain management and this is why 
modelling from such a perspective is important.
3.5 EIO equations applied for CLARE modelling: Hospitality and 
Food retail
To estimate the indirect emissions resulting from the Hospitality sector, we need to 
estimate the indirect emissions embodied in output o f the sector (conducted through 
looking at the sectors purchases as shall be seen). The same approach cannot be applied 
for the Food retail sector, due to configuration of the UK input-output accounts, as well 
as alternative opportunities. To estimate the indirect emissions resulting from a Food 
retail business, we need to estimate the indirect emissions embodied in each of the 
Manufacturing of food products and beverage sub sectors’ (SICs: 15.1, 15.2+15.3, 15.4,
99
“ This production perspective provides a pretty straightforward accounting framework and is usually reasonably successful in 
allocating emissions to specific industrial, commercial and domestic processes in an exhaustive and mutually exclusive way within a 
given geographical boundary.” (Page 7 Jackson et al 2007)
It should however, be noted that when accounting for emissions associated with electricity use by Hospitality businesses in 
CLARE-direct, direct emissions are allocated to the hospitality businesses as opposed to the electricity sector as electricity use is 
controlled on site by the hospitality businesses.
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15.5, 15.6, 15.7, 15.81+15.82, 15.83, 15.84, 15.85-15.89, 15.91-15.97, and 15.98) 
product s a l e s T h e r e  are differences in the methods for the two sectors due to 
differences in data available for the different sectors and their businesses, which 
influences methods applied. Firstly the EIO methods for the Hospitality sector will be 
outlined (3.5.1) followed by those for Food retail (3.5.2).
3.5.1 EIO method for the Hospitality sector
The EIO method for modelling the Hospitality sector makes use o f the first method 
under the sub-section ‘A new firm in an existing industry’, from Miller and Blair 
(1985). Using this method, the first step is to estimate the set of initial intermediate 
demands (Hospitality sector purchases) that result in economic sectors o f the economy, 
that are required to produce the output of a specific firm or a sector. The demand 
estimates are derived based on knowing the output (% ) of the firm or sector (sector 1 in 
the example here) and the technical coefficients (ay). A five sector economy is used for 
illustrative purposes. The set of demands generated by equation 3.36 will later be 
placed in the position of the final demand vector in the standard EIO model. For this 
reason these demands are identified as y as seen in equation 3.36.
y=
2^1^ 1
3^1^ 1
4^1^ 1
5^1^ 1
(3.36)
Where:
«iiXi are the intermediate demands that result in sector 1 from the output of sector 1 ; 
<221^1 are the intermediate demands that result in sector 2 from the output of sector 1;
are the intermediate demands that result in sector 3 from the output o f sector 1 ; 
ûT4 iXj are the intermediate demands that result in sector 4 from the output o f sector 1 ; 
and
«51 Xj are the intermediate demands that result in sector 5 from the output o f sector 1 ;
101 We also looked at the Fishing sector in this way.
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The impacts from all five sectors o f the economy are found in the standard EIO way as 
identified in equation 3.37.
a \ - l
«ijXj
«21^ 1
«31X1
«41X1
«5jXj
.(3.37)
Where:
6i is a vector of indirect emissions attributable to output of the Hospitality sector (sector 
1);
xi is the output o f the Hospitality sector.
This equation achieves the estimation of indirect emissions that result in the economy 
from a given level of output of the Hospitality sector (it excludes the direct emissions 
that would result directly from the Hospitality sector output (xi)) for C&I waste, food 
waste and water. Essentially, these provision perspective estimates achieved are the 
emissions attributable to Hospitality sector domestic purchases. In the case of GHGs 
however, a final step is conducted. The GHGs occurring directly from the Electricity 
production and distribution sector as a result o f supplying the Hospitality sector are 
subtracted from the results of equation 3.37, as GHG emissions occurring from direct 
electricity use by Hospitality businesses was already calculated in CLARE-direct. If the 
latter procedure was not conducted some double counting would have occurred.
At this stage however, there is now a need to estimate the foreign emissions attributable 
to Hospitality sector output. Using the two region model o f Proops et al (1993) and 
later Jackson et al (2006) this is conducted as seen below in equation 3.38. Please note 
that the final demand vector here is obviously different to those of the previous papers 
as we are looking at the indirect emissions attributable to consumption o f a business (to 
enable the provision of goods and services) as opposed to indirect emissions attributable 
to household consumption.
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a„x,
«21^ 1
«3^ Xi
«4jXj
«5jXj
(3.38)
Where:
e p is a vector of foreign emissions attributable to UK Hospitality sector domestic 
demands;
is the imports use coefficients matrix for imports from region P to region a ;
Equation 3.38 aligns with equation 3.34 of the two region model earlier presented. The 
equation 3.38 captures foreign emissions attributable to domestic sector demands made 
by the Hospitality sector in order to produce output. It does not however capture 
foreign emissions embodied in imports directly demanded by the Hospitality sector 
from foreign sectors.
The small amount of direct imports to the hospitality sector from foreign sectors were 
calculated in the same way that directly imported final demand products from foreign 
sectors are estimated in Proops et al (1993). Therefore, the same equation as 3.35 is 
applied, but with the demand vector obviously being different (being direct imports 
demand by the Hospitality sector, as opposed to direct import demand by consumers in 
3.35) in line with the ‘new firm in an existing industry’ approach.
To enable this we apply the following equation:
a \ - l
Psi^i
P41^1
Psi^i
(3.39)
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Please refer to the two region model in Proops et al (1993) or Jackson et al (2006) for more information.
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Where:
e pd is a vector of foreign emissions attributable to UK Hospitality sector direct imports;
These equations and procedures enable the estimation of embodied indirect emissions 
attributable to output of the Hospitality sector. If the same equations were applied for 
the Food retail sector, the correct emissions estimates would not be achieved. This is 
because within the national input-output accounts (used in making the matrix A), food 
product’ transactions for the Retail sector (SIC 52) are stripped out and put within the 
sectors that produce the products. So for Food retail, the product transactions are put 
within the Manufacturing of food products and beverages sub sectors of SIC 15. This is 
done when putting together the input-output tables. The transactions in all sub sectors of 
SIC 15 appear as intermediate and final demand. For the current project, UK I-O table 
for 2004 by Wiedmann et al (2008a) was applied.
Due to this fact, but also because the most detailed economic micro data for the Food 
retail sector in CLARE-indirect is product sales data as opposed to turnover, emissions 
attribution occurs to final expenditures (as these can be ‘navigated’ to business product 
sales later in CLARE-indirect for Food Retail). For this reason a different method is 
presented for EIO modelling for the Food retail sector (as is the case later for CLARE- 
indirect).
3.5.2 EIO method for the Food retail sector
To be consistent with the data in CLARE-indirect there is a need for emissions to be in 
the form of emissions per £ of sales to final demand of each o f the Manufacturing of 
food products and beverages sub-sectors. To get to this stage, firstly we need to 
estimate the emissions embodied in household^final demand sales for each o f the sub 
sectors. For this reason EIO modelling o f the Food Retail sector, makes use of the 
following equation:
Attribution occurs to households as data that enable further disaggregation o f  sectors’ products in CLARE-indirect is household 
data;
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e f  = u ' ( I - A ) -1 0
0
0
(3.40)
Where:
e f  is a vector of emissions embodied in household final demand of the Manufacturing 
of food products and beverages sub sector (sector 2); and
y f  is the household final demand of the Manufacturing o f food products and beverages 
sub-sector (sector 2);
This method estimates the direct and indirect emissions attributable to household final 
demand of the Manufacturing of food products and beverages sub-sector (sector 2). In 
reality there are sixteen sub-sectors within the Manufacturing o f food products and 
beverages sector in the UK input-output accounts; sector 2 only represents one of them. 
The modelling in this project is carried out for all 16.
Amending the model to avoid double counting for the Food retail sector
Capturing direct and indirect emissions of more than one business in an area potentially 
leads to double counting as two companies in an area may be part of the same supply 
chain and therefore indirect emissions o f both businesses could be counted (leading to 
double counting). A number of authors have developed methods to avoid this type of 
double counting and have attempted to allocate indirect impacts to each business in a 
supply chain (for more information see Lenzen et al (2007)). However, double counting 
in this form is only relevant if  allocation of responsibility is being attempted. This 
study focuses on generating estimates o f the emissions that occur upstream of a business 
in order to provide the sales of products of a business or its output. The work does not 
attempt to identify “what indirect impacts a company has responsibility for”. Instead 
the study attempts to say “these indirect impacts are the ones your company has an 
influence on” , and therefore lays down the challenge to individual businesses and 
government (or a business as part o f a supply chain) to structure products and supply
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chains, or choice of supply chain partners to be more neutral with regards to indirect 
emissions^^"^. If one wanted to identify responsibility for indirect impacts in the current 
study, then one could potentially apply the methods of authors such as Lenzen et al 
(2007). A further discussion of this is provided in the concluding section o f this 
chapter.
Double counting is however an issue in this study, but for a different reason. The EIO 
modelling for the Food retail sector in the current study will (as an output) produce 
figures of direct as well as indirect emissions embodied in product sales (and eventually 
businesses). In CLARE-direct however, direct emissions and water use are already 
estimated, so to use both estimates of CLARE-direct and CLARE-indirect would result 
in double counting. Therefore in this study EIO is used purely to capture indirect 
emissions (which are later used by CLARE-indirect).
There is therefore a need to develop methods to adjust the EIO model outputs, so that 
direct emissions of the sector (Food retail sector) are not included within estimates 
produced. This is done by adjusting the emissions coefficient u o f the Food retail sector 
in the EIO model.
Amendments for the Food retail sector’s products
The amendments to equation 3.40 are as follows in equation 3.41. Using a 5 sector 
economy in the example applied here: Sector 2 is the Production, processing and 
preserving o f meat and meat products sector denoted by suffix 2; the third sector is the 
Retail sector. The Retail sector (SIC 52) is unfortunately the most disaggregated form 
in which we have the Food retail sector (SIC’s 52.1 and 52.2) from input-output tables, 
and the EIO model. The other three sectors are denoted by suffixes 1, 4 and 5:
104
By estimating indirect emissions one can help identify what the business “ potentially has influence on” in terms o f  indirect 
impacts and in which parts o f  their supply chain most indirect impacts occur. This can help companies focus their efforts when 
targeting indirect impacts.
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e?  =
u, "0
«2 T f
0 '(I-A )-' 0
%4 0
3 . 0
(3.41)
Where:
U2 is the emissions coefficient for the Manufacturing of food products and beverages 
sub-sector, u;, U4 and U5 are the emissions coefficients o f sectors 1, 4 and 5. Sector 3 is 
the Retail sector and so has its emissions coefficient replaced with a zero^^^.
For equation 3.41 there are two first steps in conducting adjustments to the u vector 
before the model can be run:
First obtain the environmental accounts used in making the u vector. Then take out from 
the environmental accounts the direct emissions for the Retail sector^^^. The change 
will then be reflected in the emissions coefficient vector (u) of the model, as seen in 
equation 3.41;
The model (equation 3.41) is then run. The new outputs from the model should have 
emissions attributable to the Manufacturing o f food products and beverages sub-sector 
final demand { y f ) .  The emissions estimate will however, exclude any emissions 
originating from the Food retail sector (so direct emissions o f the Food retail sector), 
thus avoiding double counting.
Adjusting the emissions coefficients u o f the EIO model works in avoiding double 
counting and removing all direct emissions from all Food retail businesses at the sector 
level (with no international trade), but not at the individual business level with trade. At 
the individual food retail business level, indirect emissions are potentially occurring 
from businesses in the same sector and so therefore are not part of a business of
105
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This later step eliminates direct emissions o f  the Food retail sector from EIO outputs.
The aggregation level o f  I-O accounts, does not enable disaggregation to the Food retail sector.
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concerns direct emissions but perhaps part of its indirect. If  this is the case then these
indirect emissions should be counted in e f , but from equation 3.41 they will not be. 
In this study, we apply the ‘small business assumption’: In principle some food retail 
business indirect emissions may occur from other food retail or retail businesses and 
should technically appear as indirect emissions for the business of concern, but these 
emissions will generally be very small/minimal and so it is assumed that they can be 
ignored. From supply and use tables it can be seen that the Retail sector trades very 
little with itself, and the Manufacturing o f food products and beverages sub-sector buys 
very little from the Retail sector, so this further reduces any error and justifies the ‘small 
business assumption’. The assumption operates in a similar way to the ‘small country 
assumption’.
The foreign emissions attributable to household final demand of the Manufacturing of 
food products and beverages sub-sector, now has to be estimated. Using the two region 
model of Proops et al (1993) and later Jackson et al (2006), this is conducted as seen in 
equation 3.42.
pa'
y ?
0
0
0
(3.42)
Where:
is a vector of the foreign emissions attributable to UK household final demand of 
the Manufacturing of food products and beverages sub-sector;
Bp  ^ is the imports use coefficients matrix for imports from region p to region a .
Double counting of direct emissions is not an issue when modelling the rest o f the world 
emissions, as the UK business for which modelling in conducted is based in the UK, so 
the chances o f any double counting are very minimal.
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3.6 CLARE-indirect (food retail businesses)
As with environmental input-output, differences between the data available for the Food 
retail sector and Hospitality sector means that two different methods are used to 
attribute indirect emissions to businesses in these sectors. Clare-indirect puts 
businesses at the forefront of attention as opposed to sectors (EIO). We will start this 
section by introducing methods for the food retail sector businesses.
For selected businesses, CLARE-indirect estimates the sales of businesses (total 
turnover or products) and attributes indirect emissions to these businesses (using 
estimates from sector level models). A detailed system diagram is provided below in 
Figure 3.3.
Em bodied indirect em issions 
p er £  of s a le s  of the 
products
Annual Respondents 
Database
Business Structure 
Database
A verage £ s a le s  of a  basket 
of represen tative products 
(per em ployee) for
o fa s p e c lf lc  secto r
N um ber of em p loyees (size 
band) and  SIC code of a 
bu sin ess  in a  specific 
geographical location
E stim ate of em bodied  indirect 
em issions with In specific 
products, a t a  certain  price 
and  quantity.
Total £  of sa le s  of specific 
products by b u sin ess  (o) which 
h as  a  specific SIC  sec to r and 
s ize  band
Em bodied Indirect 
em issions of p roducts sold 
by a  business (o) in a 
specific geographic  
location for a  year
Total em bodied Indirect 
em issions of the  se c to r  from 
environm ental input - output
T able  4  of SU T’s  Identifying 
value of different p roducts 
sold by the  sec to r to g e th er witi 
u se  of the  Family Expenditure 
survey___________
Figure 3.3: System diagram of CLARE-indirect (for Food retail sector businesses)
The first step is to piek the speeifie seetor for whieh one needs to estimate emissions of 
business or businesses within a geographic area. Onee the seetor is identified, the BSD 
can be searched for all businesses of the seetor, within a defined area. Onee 
business(es) are found from the BSD it is possible to reveal the full 5 digit SIC that 
each business belongs to, the number of employees and the post code of the business. 
For each business of the group of businesses selected, the following step 2 is conducted 
(the example business shown in Figure 3.3 and equation 3.44, is denoted by subscript 
(o)).
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In step two there is a need to calculate the average sales for a basket of representative 
products for a specific size band and SIC of business, which matches the SIC and 
employee profile of the business identified in step one. This is done through searching 
the Annual Respondents Database to find all businesses with matching details. Once 
matched businesses are found, calculation of the average sales for the range o f different 
products supplied by the business is estimated (per employee). This is shown 
mathematically for product r in the equation below:
Where:
P i i = l . . . . n  (3.43)
Sj is the average sales of a product r per employee for the given size band and 
SIC codej;
p\  is the sales of a product r for matching businesses i found in the ARD; and 
mi is the number of employees of the businesses i.
Step three brings together outputs from steps one and two and estimates the total sales 
o f the business of concern (business o), by taking the average sales o f products per 
employee and multiplying this by the number o f employees (m is this time taken from 
the BSD as opposed to the ARD) for the business (o). The procedure can be written out 
mathematically as follows:
r
p l = S j m ^  (3.44)
Where:
is the estimated sales of product r for a specific business o; and 
is the number of employees of the business o.
Step four estimates the average embodied indirect emissions per unit o f expenditure for 
the given product r. This step firstly requires the estimates of total embodied indirect
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emissions of sectors’ products (from equations 3.41+3.42) to be converted to more 
detailed emissions of individual products o f a sector. These estimates are then 
converted into emissions per unit o f expenditure on products. Table 4^ ®^  o f the UK 
Supply and Use tables (SUTs)^^^ allow sector expenditures to be grouped under 
COICOP product category headings. Using the Family Spending report, which 
provides very detailed estimates of household expenditure on specific products 
(COICOP classification), these product categories are further split to specific types of 
product, again based on expenditure data (ONS 2005). A major assumption of step four 
is that emissions can be distributed pro-rata to specific types of products in accordance 
with how the Family Spending report allocate (in a more detailed way) expenditure to 
products. It is hoped that in future, data will become available that will allow this 
assumption to be avoided.
Once the amount of embodied indirect emissions for a set of products is known, a set of 
average embodied indirect emissions intensities can be produeed for the products. This 
is done by dividing total embodied indirect emissions within products by the total 
household expenditure on products, as seen mathematically in equation 3.45:
Ü (3.45)
y'h
Where:
u is the average embodied indirect emissions per unit o f expenditure for a given 
product r;
e[ is the total embodied indirect emissions for the total amount o f a product r that 
households (h) buy; and
y[ is the household (h) expenditure for the given same products r.
Households final consumption expenditure by COICOP heading in 2004. 
http://www.statistics.gov.uk/about/methodology_by_theme/inputoutput/
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Finally step five requires the bringing together o f steps three and four to estimate the 
emissions attributable to the product (r) sales of the business of coneem (business o). 
This is calculated by applying the following equation:
e l = p [ u  (3.46)
Where:
e[ is the emissions embodied in business o’s sales of product r.
This method is functional for estimating indirect emissions embodied in Food retail 
sales. However, for hospitality businesses, sales data specific to individual products are 
not available within the Annual Respondents Database (ARD), ONS (2008). CLARE- 
indirect for the Hospitality sector will now be introduced.
3.7 CLARE-indirect (hospitality business)
In the environmental input-output method for the Hospitality sector in 3.5.1, the indirect 
emissions attributable to output of the seetor were estimated. Following on from this, 
the initial intention of this work when modelling indirect emissions attributable to 
individual businesses was to allocate and scale emissions to individual businesses based 
on gross value added (GVA), as this was the closest proxy to output. However two 
problems arise with this approach: one relates to the fact that business indirect 
emissions are being estimated, and the other relates to idiosyncrasies in the GVA data 
for businesses.
Using the provision perspective for just output (as opposed to emissions and water use) 
the value of estimated indireet output ineludes output that was not generated by the 
Hospitality sector, but is attributable to the expenditures of the sector. It should be 
realised that GVA is the value of outputs minus the value of inputs, so this does not fit 
well with the provision perspeetive which estimates all emissions (or output) 
attributable to hospitality inputs but not direct output of the sector (and business) itself.
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With regards to idiosyncrasies in the data, if one were to allocate indirect emissions to 
gross value added of businesses, this would mean that some businesses which have zero 
gross value added have zero indirect environmental impacts. However, this is plainly 
not correct, given that the same businesses would still have a turnover and hence 
purchases of inputs made to produce the goods and services sold that year. This issue 
was observed in GVA data within the Annual respondents database, where some 
businesses had a GVA of zero, or close to zero. For these reasons, when modelling 
individual businesses, indirect emissions are scaled to individual businesses based on 
their turnover as this fits better with the provision perspective. A detailed system 
diagram of CLARE-indirect, identifying where turnover is applied is provided below in 
Figure 3.4.
Total turnoverTotal em bodied indirect 
tm issions attributable to  the 
sec to r from environm ental 
input-output
Annuai R espondentsB usiness S tructure
from the Annual B usiness 
Enquiry
Humber of em ployees (size 
band) and SIC code of a 
b u sin ess  in a specific 
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Average £ turnover per 
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bu sin ess  of a specific
Embodied indirect em ission: 
per £ of tu rnoverturnover for bu sin ess  (o), 
which h as a  specific SIC
Em bodied indirect
b u sin ess  (o) in a specific 
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Figure 3.4: System diagram of CLARE-indirect (for Hospitality businesses)
The first three steps apply exactly the same procedure as occurs up until equation 3.3, 
where turnover is estimated for businesses in CLARE-direct. Step four requires that an 
estimate of the embodied indirect emissions intensities be produced for the sector. 
Intensities here are based on the amount of indirect emissions per unit o f turnover for 
the sector. This is calculated by dividing total embodied indirect emissions attributable 
to the output of the sector by the turnover of the sector, as seen in equation 3.47:
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g .
t
%y=- L (3.47)
Where:
Uj is the embodied indirect emissions intensity for sector j;
(j is the turnover o f sector j; and
Cj are the indirect emissions attributable to sector j.
Finally step five requires estimation of the indirect emissions (g ,)  attributable to the 
business of concern. The calculation for this is shown in equation 3.48:
g, (3/18)
We now discuss limitations and assumptions of CLARE.
3.8 Limitations and assumptions of the CLARE modelling approach
The CLARE model has a number of assumptions and limitations that should be made 
clear. These are looked at first with regards to CLARE-direct and then CLARE- 
indirect.
CLARE-direct assumes that turnover can be estimated for the business o f concern based 
on knowing a business’s employment, and the average turnover per employee for a 
detailed business employee size band and subsector (turnover per employee can vary for 
employee size bands). The Business Structure Database has enterprise data where 
actual turnover is recorded. This enterprise data was generally not appropriate for the 
current study, as plant data were required to provide a geographic reference.
CLARE-direct also assumes that the average direct emissions or water use per unit 
turnover (for a detailed sector and sometimes employee size band) can be used in 
conjunction with the estimated turnover of a business to produce the emissions or water 
use for a business.
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CLARE-indirect makes the same assumption when estimating turnover for businesses 
as used when estimating for CLARE-direct. It is also assumed that average indirect 
emissions or water use per unit o f turnover at a sector level, can be used in conjunction 
with the turnover of a business to produce a correct estimate of the indirect emissions or 
water use for a business.
CLARE-indirect for food retail businesses assumes that a business’s employment and 
average product sales per employee (for detailed employee size band and sub sector) 
can be multiplied to estimate the sales of products of a business. To estimate 
emissions, it is then assumed that the emissions intensities for product types from EIO 
analysis can be applied to matching product types of the business, to estimate the 
indirect emissions embodied in products sold by the business.
The assumptions inherent in EIO analysis identified in section 3.3.2, also apply to the 
indirect estimates developed in the current study. Only two of the EIO assumptions 
however, are thought to be highly relevant to the current work (substitution of inputs 
and the fixed technology assumptions). For more detail on assumptions and limitations 
with regards to GHGs see Jackson et al (2006); for waste modelling please see Bradley 
et al (2006).
A limitation of individual business estimates generated by CLARE is that they must be 
viewed in a secure environment^®^ within ONS by authorised individuals. If 
government and researchers are vetted, it is however possible to conduct analysis and 
view actual individual emissions and water use estimates for any hospitality or food 
retail business in a given area. If a business wanted to view its own emissions and 
water use estimate, this would only be possible through agreement with the business of 
concern and ONS. Obviously in government applications o f CLARE-direct, this is 
more straight forward.
Now that the methodology for CLARE has been presented we now establish the data 
sets and preparations for CLARE. .
The secure environment is a lab within ONS, where only authorised and trained researchers are able to access detailed data. 
Data going into the lab and outside o f  the lab is checked and assessed for disclosure by ONS staff. Any data or estimates taken out 
o f  the lab must be derived from at least 10 observations otherwise data cannot be take outside o f  the lab.
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3.9 Data and preparations for CLARE
The application o f the CLARE method to estimate direct and indirect emissions of 
GHGs, waste and water required quite a number of economic and environmental data 
sources. The various data sources required for CLARE are outlined in this chapter.
CLARE-direct required data to generate the following variables for the model: number 
of employees in business (m^)\ the average turnover per employee ( f  j ) (and product
data for of CLARE-indirect); and the average emissions per unit turnover {uj) .  The 
variables that required data for CLARE-indirect were: the technical coefficient matrix 
(A); imports use coefficients matrix (B21); vector of final demands (y) and the vectors for 
emissions and water use coefficients (u).
This chapter first identifies the datasets and preparations required to generate the 
variables for CLARE-direct and then the datasets and preparations required to generate 
the variables for CLARE-indirect.
3.9.1 CLARE-direct
Some of the datasets required for the variables of CLARE-direct were identified during 
the presentation of methods, so here we summarise the main data sets and preparations 
applied.
Employment for Businesses {ntj)
The Business Structure Database (BSD) was determined to be the best dataset from 
which to derive employment data for individual businesses. As stated in the methods 
section, the BSD is extremely comprehensive and provides plant level employment and 
location data for businesses. Data from this database comes from the Inter- 
Departmental Business Register (IDBR) for Research. The IDBR is the sampling frame 
for surveys of business activity conducted by the Office for National Statistics and other 
government departments. The IDBR is said to draw upon the following administrative 
sources (Evans and Welpton 2009):
• HMRC (information about businesses which are registered for VAT or PAYE 
are provided to the ONS;
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• Dunn and Bradstreet (information about businesses ownership links on an 
annual basis);
• ONS surveys (other surveys supplement the above sources by maintaining 
existing and identifying new business structures);
• Companies House (attained quarterly).
For more information on the BSD and its sources, see Evans and Welpton (2009). A 
crucial characteristic o f the BSD dataset used is related to the ability to provide 
employment data by plant, not just enterprise. Early on in the project, the importance of 
focusing on the plant level data, as opposed to the enterprise data was iden tified^w hen  
conducting modelling with a geographic reference. An enterprise can comprise 
numerous plants in different locations. The focus of CLARE-direct is however, on 
determining the direct emissions and water use by detailed location, so to use enterprise 
level data would be spatially and geographically misleading for spatial emissions and 
water use estimation.
Average turnover per employee ( / y  )
In order to develop the average turnover per employee estimates, the Annual 
Respondents Database was applied. This is an extensive and rich data source, with 
good representation for the different employee size bands of each relevant sector. The 
Annual Respondents Database (ARD) contains responses to the Annual Business 
Inquiry (ABI) and has in the past used data from other surveys such as the Annual 
Census of Production (ACOP), and annual Census of Construction (ACOC). The ABI 
is said to be the most comprehensive business survey and includes information on: 
turnover, costs, employment, industry and investment. The ABI sampled included 
70,000 businesses for 1999 (including samples from service sectors). It is a census o f 
large businesses, and a large sample of smaller ones. Importantly, the data collection 
uses a consistent methodology and data is checked by relevant experts such as 
statisticians, and sampled during the same time period. Data are UK specific and 
cover a very large number of sectors in high SIC detail (increasing the ability to apply 
CLARE-direct to other sectors in future). For more information, see ONS (2002).
Gilhooley (2007); Personal Communication between Bob Gilhooley (ONS) and Pete Bradley (University o f  Surrey) in 2007.
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The ARD dataset provided the three necessary data items required to estimate f  j (and
product data for jy o f CLARE-indirect), the employees, turnover, and SIC code. In 
deriving f  j , quite a lot o f analysis was conducted to assess the reliability for the 
estimated variables.
Review of alternative data sources that may provide actual turnover (as opposed to 
estimated) for each business was also conducted. Two other data sources were 
potentially suitable: Dunn and Bradstreet and the Financial Analysis Made Easy 
(FAME) database.
From investigation of the Dunn and Bradstreet data there was found to be a requirement 
to pay for this dataset, after further investigation it was identified that use o f this data 
would substantially increase the cost of future and current use of CLARE. This is a 
significant disadvantage of the database. Data on turnover is also imputed, and the 
reliability of these imputed data is questionable. From review, it was concluded that the 
data are unlikely to be as reliable as turnover data available in the ARD, which comes 
from VAT tax returns. For these reasons, it was decided that this dataset does not 
provide any additional benefit over the ARD.
The FAME database does not require payment for company data as it is accessible 
through the Surrey University Library. FAME is a database that provides financial and 
descriptive information on companies in the UK and Ireland, it is published by Bureau 
van Dijk Electronic Publishing (ONS 2008b). FAME provides company relevant data, 
and it refers to companies and their accounts. Importantly, this is not necessarily plant 
relevant data as the BSD provides. It was also found that many SMEs may not 
necessarily report their turnover, in the database. This was confirmed by Rogers et al 
(2007). Interestingly Rogers et al (2007) used the FAME database to analyse SMEs and 
the publication provides some useful information on the author’s experience o f the 
coverage of the FAME database. It was stated that financial assets are the most 
common financial variable reported in the FAME database. The growth o f assets was 
available for 82% of the SMEs in 2001. In contrast the growth o f turnover was 
available for only 28% of SMEs in 2001. The authors report that many firms do not
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have an industrial classification in FAME (around 11% for the full sample). Asset 
information would not be suitable for use in emissions and water use estimation. 
Reporting of turnover also appears to be patchy for SMEs, in addition to SIC code. It 
is crucial that a SIC code is provided as this is required to match environmental and 
economic data, as well as employment data. Based on these findings, this database was 
not selected as a preferred business dataset for CLARE-direct.
Average emissions per unit turnover {uj)
Emissions per unit turnover estimates were developed from sector level data (sometimes 
employee size bands too). Sector level emissions per unit turnover estimates had to be 
developed for GHGs, C&I waste, food waste and water use for Hospitality and Food 
retail sectors. A range o f data was available in estimating for the sectors. The selected 
data sources for GHGs, wastes and water use are identified, as well as justifications 
(where required) for the use of each data source. We start by looking at GHGs:
GHGs emissions per unit turnover
For both the Hospitality sector and Food retail sector, GHG data from the 93 sector 
Environmental Accounts data (ONS 2008c) was applied. The highest level o f 
disaggregation of data acquired was at the two digit level: Hospitality (SIC55) and 
Retail (SIC52). The data for the year 2004 were used. To derive emissions per unit 
turnover, the sector level GHG data was divided by sector level turnover data. The 
sector turnover data used came from BERR (2004). This provided GHGs from fuel 
use, but not electricity use.
To estimate CO2 from electricity use, ONS (2008a) Environmental Accounts: Carbon 
fuel use by 93 industries data were used. These data provided estimates o f tonnes oil 
equivalent of fuel as a result o f electricity use. These estimates were converted into 
kilowatt hour (kWh) equivalent using conversion factors from DECC (2009). Then 
conversion of kWh into CO2 was done using the best available data from Defra (2005).
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Water use per unit turnover
The best available sector water use data was for England and Wales and obtained from a 
recent dataset produced by Defra: Water supply and abstraction 2006^^\ The data were 
for the year 2006 and for England and Wales. For this reason a number of procedures 
had to be performed to enable water use coefficients to be developed. These procedures 
are detailed in section 3.9.2 of this chapter. In order to develop water use per unit 
million £ turnover (as opposed to per million £ output in basic prices), the coefficients 
described in section 3.9.2 were multiplied by relevant UK sector output in 2004 basic 
prices, providing estimates of million cubic metres of water use by the sector. To 
produce the water use per unit turnover coefficient, this physical estimate of million 
cubic metres of water use, was simply divided by the relevant sectors’ turnover in 2004 
(£ million).
C&I and food waste per unit turnover
For C&I and food waste, the Environment Agency provided extremely detailed and 
disaggregated data (England and Wales figures for 1999) produced for Defra and not 
publicly available (for both Hospitality and Food retail). Bradley et al (2009) identified 
that using EA 1999 C&I waste survey data provides Hospitality business estimates 
relatively close to those achieved by a more up to date regional 2004 survey (once 
account is taken for food waste present in mixed waste and differences between 
employee size bands). Given this finding it was determined that the detailed EA 1999 
C&I waste survey data were the best available, given their detail.
A number of procedures were however required to convert these data into waste 
coefficients. Firstly, the detailed UK BERR (1999) turnover data had to be converted 
into an English and Welsh equivalent (to match waste data). English and Welsh 
turnover data were not found to be publicly available, but the author did have an ONS 
bespoke produced dataset (at equivalent levels of disaggregation) for 2004 (Stuart 
2009). This enabled the following equations to be applied, and conversion o f UK 
BERR (1999) turnover data into BERR (1999) turnover data for England and Wales:
Data received from Personal Communication o f data between Rocky Harris (Defra) and Pete Bradley (University o f  Surrey) on 
the 15/02/2010. Data was at the time unpublished but ready for publication.
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_ hwm) (3 491
E^WJ(99) ~ U^KjX99)
W ( 0 4 )
Where:
fuKj{99) is the 1999 UK turnover o f the sector j ;
E^wj{04) is the 2004 English and Welsh turnover of the sector j; 
tuKjxo4) is the 2004 UK turnover o f the sector j;
e^wjX99) is the estimated 1999 English and Welsh turnover of the sector j ;
Ideally, ONS bespoke 1999 turnover data would have been used to adjust the BERR 
1999 turnover data, the English and Welsh (bespoke) data available was for the year 
2004. However, results using this method were compared with results applying UK and 
English and Welsh GVA data for 1999 to conduct adjustment (in a similar way). 
Differences between the two approaches were minimal, so it is believed that the fact 
that 2004 data was used to make English and Welsh adjustments did not have much 
impact on accuracy.
Once English and Welsh turnover estimates had been developed for 1999, relevant price 
indices were used to convert the data into 2004 current prices. The English and welsh 
C&I and food waste figures for Hospitality were then divided by relevant 1999 turnover 
(in 2004 current prices) for the same sector. This was the last step in generating the 
coefficient. Thé same procedure was conducted for detailed Food Retail figures 
however 1999 GVA data was used to régionalisé turnover data to England and Wales 
for 1999 (instead of 2004 turnover data). This was done as English and Welsh turnover 
data for this sector were not available and it had been previously shown that using GVA 
data to régionalisé, does not generate much difference than if  turnover were used.
3.9.2 CLARE-indirect
A number of datasets and preparations were required to generate variables for CLARE- 
indirect. The section starts by introducing the datasets required to generate the technical 
coefficients matrix.
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The technieal coefficient matrix (A)
To make the technical coefficients (or direct requirements) matrix, data from a UK 
input-output table is required. The current study uses tables produced by Wiedmann et al 
(2008a). The intermediate use part o f the input-output table is used in generating the 
technical coefficients matrix. In deriving the technical coefficients matrix for every 
sector, each cell o f a sector’s column (a particular value o f purchases from another 
sector) is divided by sector output. The sector output that is used was also from 
Wiedmann et al (2008a). All values were in basic prices and in £ million (as is the case 
for all input-output data used). For more detail on the process of making technical 
coefficients see equation 3.7 or further detail in Miller and Blair (1985).
Imports use coefficients matrix (B21)
The imports use coefficients are developed from data describing imports to UK from the 
rest of the world from Wiedmann et al (2008a). In a similar way to the intermediate use 
part o f the input-output table, these data provide information on the import purchases by 
UK sectors from other sectors abroad. In order to derive the imports use coefficients, 
each sector’s column cells are divided by its UK domestic output. The data is as 
detailed as UK 1-0 tables, 123 sectors.
Final demands (y)
The vector of final demands was constructed differently when modelling the Hospitality 
sector and the Food retail sector. Although this was so, both were derived using UK 
input-output tables for 2004. For the Food retail sector, household final demands 
related to food products were applied (see section 3.5.2). For the Hospitality sector, 
output data for Hospitality, in conjunction with the technical coefficients matrix was 
used to developed values that go into the final demand vector (see section 3.5.1).
GHG coefficients (u)
The 93 sector Environmental Accounts data (ONS 2008c) were used in conjunction 
with monetary output in basic prices to generate GHG coefficients. Each UK sector’s 
estimated GHGs (millions of tonnes COic) were divided by UK sector output (basic 
prices and £ million). For more information and detail see Druckman and Jackson 
(2008a). For some sectors the linear scaling approach or hybrid approaches were
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applied to disaggregate environmental data before generating the environmental 
coefficients. These are described in section 4.3 of chapter 4.
Water use per unit output
The best available sector water use data was for England and Wales and obtained from a 
recent dataset produced by Defra titled: Water supply and abstraction 2005. Two main 
procedures had to be performed to enable water use coefficients to be developed for the 
UK in 2004. Firstly, water use for England and Wales in 2006 had to be scaled up to 
water use in the UK in 2006. Regional and sub regional gross value added data was 
used to enable this, this data was published by ONS (2008d). The procedure is similar 
to the linear scaling approach. UK and England and Wales sector level GVA is used 
to scale up England and Wales sector water use:
(3-50)
S e ScWJ
Where:
is the estimated UK sector j water use; 
is the UK gross value added, for the sector j;
S e &.wj is IhG England and Wales gross value added, sector j;
^E&wj is the water use o f England and Wales for sector j .
The second procedure required UK output in 2006 to be converted in to 2004 current 
prices. A range of UK price index/prices indices were used to enable this from ONS 
and Defra. .
Once UK output data for 2006 were in a 2004 price base, and England and Wales water 
data scaled up to a UK level, water use coefficients were developed in the usual way by 
dividing sector water use by sector output in basic prices (generating millions o f cubic 
meters of water/millions of £ of output). For some sectors, the linear scaling approach 
was applied to disaggregate water use for sectors, before water use coefficients were 
generated. Please refer to section 4.3 of Chapter 4 for more information on the linear 
scaling approach.
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C&I and food waste per unit output
Sector C&I and food waste estimates were taken from the Environment Agency C&I 
waste survey 2002 (Environment Agency 2002). Waste data were for England in 2002, 
but the £ output data were for the UK in 2002. Luckily, very detailed GVA data were 
available for both England and the UK for relevant years from ONS (2009). Using 
these data, the following procedure was applied to convert UK output data into English 
(then consistent with C&I waste data) in millions £ basic prices.
«E;-— (3-51)
SuKj
Where:
is the UK gross value added of sector j; 
gj,j is the English gross value added by the sector j ;
is the UK output (basic prices) o f sector j;
Oj,j is the estimated English output (basic prices) for sector j.
The 2002 output data had to be converted into 2004 prices (as this was the year for 
which the EIO model was developed). To convert English 2002 sector output data into 
2004 prices, relevant sector price indices were applied.
Once the above procedures had been conducted, sector waste estimates were divided by 
sector output to derive each sector’s coefficient. As with GHGs, the linear scaling 
approach and hybrid approach (for Food and drinks manufacturing) were used to 
disaggregate environmental data before production of environmental coefficients in 
some cases (see section 4.3 of Chapter 4). It should also be noted that for the 
Construction and Agriculture sectors relevant waste estimates were taken from the 
following publications: The Environment Agency Agricultural Waste Data (2003) and 
the Survey of Arisings and Use of Construction, Demolition and Excavation Waste as 
Aggregate in England (ODFM 2004). These data are for different years than the EA 
2002 C&I waste data, and account for available and relevant waste data not included in 
the EA 2002 survey (as the EA 2002 survey did not cover these sectors). Both datasets 
are for England (so consistent with EA 2002 C&I waste data), but obviously different
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output data to those of 2002 were used and converted into 2004 current prices were 
necessary.
Estimating food waste present in mixed waste
Bradley et al (2009) identified that accounting for food waste present in mixed waste is 
extremely important when estimating food waste for the Hospitality sector and that C&I 
waste data published by both Defra in 2002 and the Environment Agency in 1999, do 
not identify food waste present in mixed waste. So before food waste coefficients were 
generated as laid out above in 3.9.2, the adjustments set out in this section were made to 
waste estimates for relevant sectors.
Through analysis and consultation with the Environment Agency the likely, most 
important sectors to estimate food waste (present in mixed waste) were identified: 
Retail; Hospitality; Transport, storage, communications ; travel agents, other business, 
finance, real estate and computer related activities; Miscellaneous; Social work and 
public administration; and Education.
For the Hospitality and Food retail sector, the Environment Agency released very 
detailed data (that they had previously prepared with Defra) which enabled estimations 
of food waste present in mixed waste. The two methods o f estimating food waste 
present in mixed waste for these two key food waste producing sectors are now 
identified.
For the Hospitality sector, the total C&I mixed waste in 2002 was multiplied by the 
fraction of food waste present in mixed waste in 1999, to provide an estimate of food 
waste present in mixed waste in 2002. If the proportion of food waste separated from 
mixed waste significantly changed between 1999 and 2002, then this method may lead 
to an over or under estimation of food waste. Evidence from Bradley et al (2009) 
showed that using a food waste coefficient from 1999 data to estimate food waste in 
2004, generated similar estimates to those achieved (for Hospitality businesses) when 
using coefficients developed from 2004 data. This would suggest that the selected 
method is likely to lead to a reasonable approximation of food waste for this sector.
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The same approach was attempted for the Retail, wholesale and motor vehicles sector 
(SIC’s 50-52). Detailed data however, released by the Environment Agency, was for 
the Food Retail sector, and not this more aggregated sector, so this was not possible. So 
a different method had to be applied. With some deliberation, it was decided that for 
the aggregated sector Retail, wholesale and motor vehicles, the majority of food waste 
is likely to come from Food retail (another study by Cambridge econometrics also took 
the same view). For this reason and given constraints, the food waste present in mixed 
waste in 1999 was added to the published estimate of separated food waste in 2002. 
Due to the fact that food waste (present in mixed waste) added, was only from the Food 
retail sector the estimate of food waste for the aggregated sector is likely to be an 
underestimate, but significantly improved from the reported figure in the published food 
waste estimate in Defra published 2002 data.
In addition to these two sectors, it was determined that food waste present in mixed 
waste should also be estimated for the following service sectors: Transport, storage, 
communications; Travel agents, other business, finance, real estate and computer related 
activities; Miscellaneous; Social work and public administration; and Education.
As for Hospitality and Retail, estimates of food waste present in mixed waste in 2002 
were not readily available. Unfortunately the Environment Agency did not disclose 
detailed 1999 information for these sectors, which would have allowed straight forward 
estimation of food waste present in mixed waste. The Environment Agency (2007a) 
Waste Exchange/Materials Calculator, did however enable estimates of total food waste 
(including that in mixed) for very detailed sectors in regions of England and Wales in 
1999. Based on this information, a method of estimating food waste present in mixed 
waste in 2 0 0 2  was developed as follows.
Firstly, the Environment Agency Waste Exchange/Materials Calculator was used to 
estimate the total food waste for English and welsh regions (including mixed and 
separated) for very detailed SICs. These sector waste estimates for each region were 
added up to provide an estimate of food waste (separated and that in mixed) for England 
and Wales in 1999 at a sector level, which matched the disaggregation o f sectors listed 
above. These sector level (total) food waste estimates were divided by the estimates of
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separated food waste in the Environment Agency published 32 sector 1999 survey data. 
The equation below identifies this.
(3.53)
Where:
tf^ isSLtn) is an estimate of total food waste of sector i (separated and food waste present 
in mixed);
is a published estimate of separated food waste o f a sector i (food waste);
fw^!  ^ is a number that can be multiplied by separated food waste for sector i in 2 0 0 2  to 
estimate a level o f food waste present in mixed waste in 2 0 0 2 .
Once a value for the latter variable had been developed, this was multiplied by the 
separated food waste estimate for sector i in 2002. This generated an estimate of the 
food waste present in mixed waste in 2002. If separation of food waste from mixed 
waste did not change much between 1999 and 2002, then this method may provide 
reasonable estimation. If however, sectors conducted much more separation o f food 
waste in 2002 than in 1999, then this method could lead to significant overestimation of 
food waste present in mixed waste. Due to the acknowledgment of this fact and the 
problem with the method, a procedure was developed to avoid significant 
overestimation error occurring. This is now documented.
All estimates o f food waste present in mixed waste developed for 2002 using this 
method, were compared with the constituent sector estimates of total food waste 
(separated and that of mixed) in 1999. For most o f the relevant sectors, food waste 
present in mixed waste was the dominant source of food waste in 1999. If it was found 
from this comparison that the 2 0 0 2  food waste present in mixed waste estimates were 
substantially higher than that of the 1999 total food waste estimate (separated and that 
present in mixed waste), then the 2 0 0 2  estimate of food waste present in mixed waste 
was not added to the separated food waste for 2002. Instead, the lower 1999 food waste 
value was just used on its own. It is acknowledged, that the estimates derived in this
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way are not particularly robust, due to a lack of data. Total food waste estimates 
derived for these sectors however, are not particularly high, so will have very little 
impact on overall indirect food waste estimates for hospitality and food retail 
businesses, derived from EIO modelling.
The sectors dominantly generating the very large majority of all food waste are the Food 
and drinks manufacturing sector (which has very little food waste present in mixed 
waste). Retail and the Hospitality sector. Although this is so, it was believed to be 
better to attempt to estimate food waste present in mixed waste with possible over/under 
estimation, than to report only separated food waste, which is known to lead to food 
waste underestimation from Bradley et al (2009).
3.9.3 Data summary
The main data and preparations used to derive the variables used in CLARE-direct and 
CLARE-indirect have been presented in this section. For CLARE-direct, the data used 
for (mi) are thought to be very robust. Data used to derive values for average turnover
per employee ( f  j ) were from a sample of the population for smaller businesses and not
the entire population. Although this was so, the sample sizes were relatively large in
most cases. Turnover per employee estimates (/"  ’s) for employee size bands for each
sector were generated from a minimum of 50 underlying observations. The turnover 
data used was from value added tax (VAT) receipts and data was also checked and 
‘cleaned’ by ONS, so is believed to be relatively robust. For average emissions per 
unit turnover (uj ' s )  estimates developed for CLARE-direct, often economic data used 
in the coefficients had to be regionalised and converted in to 2004 current prices. These 
procedures are not believed to have much effect on accuracy of the developed 
coefficients. With regards to the emissions and water use data used, often these data 
were more aggregated than would have been liked and the quality o f the data is known 
to be variable for some datasets, particularly water. Although this is so, a new water 
dataset recently developed by Defra was used.
The commercial and industrial waste data used for direct emissions estimation, was 
much more detailed and disaggregated than any other waste datasets viewed,
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particularly for the Hospitality sector. This vastly improves direct emissions estimation. 
Though the C&I waste data was quite old (1999), recent work of Bradley et al (2009) 
indicated the data to still be valid and reasonable for estimation with regards to the 
Hospitality sector in 2004. The same is not certain for Food retail, but it is a similar 
type of sector, service based as opposed to manufacturing. Importantly for food waste, 
these data include that part of food waste present in mixed waste and this is crucial to 
attaining more accurate values for these sectors.
With regards to CLARE-indirect, the technical coefficient matrix (A), imports use 
coefficients matrix (B21) and final demands (y) were mainly derived from UK input- 
output tables data. The last official input-output tables produced by ONS were for 
1995, which is quite old. Wiedmann et al (2008a) however, updated these tables 
(including for the year 2004) so hopefully the data are reasonable.
With regards to emissions and water use coefficients, again some régionalisation of 
economic data was required, as well as conversion to 2004 current prices in some cases. 
With regards to the GHG data used, these are produced by ONS (2008c) and are 
reviewed by statisticians so presumed to be reasonably robust. As stated, there are 
known to be problems in estimating water use of sectors, but the most recent estimates 
were used. For waste the C&I waste survey data for 2002 was used to generate food 
waste and C&I waste coefficients. When generating food waste coefficients, some 
supplemental 1999 food waste data were used as identified when estimating food waste 
present in mixed waste for certain sectors in section 3.9.2. This was not ideal, as the 
supplemental data makes use of a previous UK waste classification as opposed to the 
EU Substance Orientated Waste Classification and waste management practices may 
have changed for relevant sectors between 1999 and 2002. Although this is so, from 
viewing the types o f waste classified as food waste in the EU substance orientated 
classification, the match between food waste in the 1999 survey and the 2002 survey for 
the (mainly) service sectors of concern are believed to correspond reasonably. Also the 
most dominant food waste producing sector. Food and drinks manufacturing^ did not 
require such supplemental data to estimate food waste present in mixed waste. The
Based on consultation with Bell (2007).
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service sectors that did require this generally had very little impact on indirect food 
waste estimates produced for Hospitality and Food retail.
The reason why the Environment Agency data were used, as opposed to more recent 
waste publications (e.g. Defra and the FDF 2008, Environment Agency Wales 2009 and 
others), is because the EA (1999 and 2002) data are UK relevant and provide wide 
coverage of sectors at more detailed levels of disaggregation than other datasets. This is 
vital in an economy wide EIO model. The estimates of the EA survey are from quite 
large sample frames, which is one of the reasons why it was possible to attain such 
disaggregated estimates for Hospitality and Food retail. This level of disaggregation 
(employee size band) has subsequently proved to be vital in generating more accurate 
emissions estimates, particularly for direct emissions estimation. The C&I waste data 
for 2004 collected by the Centre for Business Relationships, Accountability, 
Sustainability and Society (BRASS) were investigated for use, but three problems were 
found in attempting to use the data: the data were for Wales and not England, the waste 
estimates were generally from smaller sector samples, restricting the ability to have 
reliable disaggregated sector waste estimates. Additionally, though a number of efforts 
were made to obtain this data to view, the current author was not sent waste data in a 
usable form. Based on these findings, it was decided that commercial and industrial 
waste data from the Environment Agency was most appropriate. We now provide 
conclusion with regards to methods introduced by this chapter.
3.10 Conclusions
This chapter has presented the methods and data used to address the research question 1 
for this thesis and how these methods and data are used and applied to enable the case 
study of Hospitality and Food retail in Southampton to be presented in Chapter 5. In this 
final section of Chapter 3 we provide an conclusion for the chapter and outline how the 
methods build on and contribute to the literature.
In response to the ‘framework development’ research question (1) the methods of 
CLARE-direct and CLARE-indirect were presented. The methods will enable chapter 5 
to present detailed comparable and transparent estimates o f businesses’ direct and
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indirect GHGs, waste and water use that were shown to be missing in the literature and 
which have quite a range o f possible uses as detailed at the end of Chapter 1.
CLARE-direct presented in section 3.2 is a new direct emissions and water use 
estimation model that builds on previous methods of Bradley and Jackson (2007) and 
King and Tsagatakis (2006). CLARE-direct applies the production perspective. The 
CLARE-direct method is developed in a way that enables higher resolution estimation 
than previous frameworks with application of a different (and hopefully improved) key 
assumption than that of Bradley and Jackson (2007) and King and Tsagatakis (2006). 
CLARE-direct estimates GHGs for individual businesses as opposed to producing 
estimates of just CO2 for aggregated sectors such as commercial and light industry by 
1km grids as King and Tsagatakis (2006) do. The latter study is the closest existing 
direct emissions estimation f r a m e w o r k ^ A d d i t i o n a l l y ,  CLARE can produce direct 
(and indirect) estimates for water use and waste categories for relevant businesses as 
seen in Bradley et al (2010), not conducted by King and Tsagatakis (2006) or NAEI 
(2009). Although advantages of CLARE-direct can be seen, estimates from CLARE- 
direct could in future benefit (mainly for GHGs) from King and Tsagatakis’s use of 
point source data for large businesses that comes from data collected from regulations 
such as Integrated Pollution Prevention and Control (IPPC) and the methodology that 
King and Tsagatakis (2006) use to apply actual aggregated energy use estimates (for 
detailed locations) to adjust their more detailed preliminary estimates.
In order to develop CLARE-indirect an EIO model was required as part of the 
framework. Section 3.3.1 introduced basic I-O and EIO models. Section 3.3.2 provided 
a review of the strengths and weaknesses o f 1-0 and EIO. The main weaknesses of EIO 
most relevant to CLARE are the fixed technology assumption and related substitution of 
inputs assumption. EIO however, has quite a number of strengths; it enables one to 
make connections between direct activities in an economy such as purchases by a 
hospitality business and resulting economy wide effects. Such models are 
straightforward and understandable, not a ‘black box’ and the UN advocate their use
Their approach constructs a relationship between employment o f  a business and energy use per employee (ultimately converted 
to CO2). CLARE-direct makes a link between turnover and direct environmental impacts per unit turnover, using highly detailed 
and disaggregated databases o f  turnover (4-5 digit SIC and employee size band) for sectors and for all employee size bands, from 
preliminary work this seems to improve estimation for waste when only sector level environmental data is available (not employee 
size band). This is almost always the case. There is however a need for further evidence on the link between turnover and 
emissions or employment and emissions.
183
worldwide which makes comparison with other studies generally easier. Although the 
model applies a range of assumptions, as illustrated, most are often not as severe when 
just accounting for output/emissions o f a business or economy over a past time frame. 
Such models do not require onerous time, data and financial requirements and can be 
applied to allow estimation at various different spatial levels. EIO enables a complete 
system boundary, without cutting short full impacts that result in the economy. EIO 
models can also easily be extended to take account o f economic and social impacts.
In order to provide a solid justification for the model selected, various alternative types 
of EIO models were reviewed in section 3.3.3. From the review, the impact analysis 
form of EIO is the most relevant to this project’s research questions. From the review, 
it was concluded that in order to account for trade, the two region model (Proops et al 
1993) should be applied for the reasons outlined earlier on in the chapter - specific EIO 
equations for use in the current project were outlined in section 3.5. A number of 
alternative frameworks such as multiple objectives and policy programming, as well as 
pollution elimination and ecological commodity forms of EIO, could provide CLARE 
with additional and useful capabilities in the future and this is discussed.
The detailed EIO equations defined in section 3.5 form the starting point for the 
estimation of indirect emissions used in CLARE-indirect.
CLARE-indirect presents a set of new formal methods for estimating the indirect 
emissions of businesses as illustrated in sections 3.6 and 3.7. Standard EIO methods 
are applied but with new datasets and in a unique way to enable detailed indirect 
emissions estimation for all businesses of a sector within a defined area.
The CLARE model adds to the literature on EIO modelling for businesses which has 
previously relied on businesses coming forward with detailed data (Trucost 2008 and 
Lenzen et al 2006). With regards to the closest existing indireet emissions estimation 
frameworks, these are the frameworks of Lenzen et al (2006) and Trucost (2008). 
CLARE makes developments in modelling and methods from previous studies by 
showing a way of incorporating the use of both the Business Structure Database and the 
Annual Respondents Database to enable individual business estimation and avoid the
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need for relevant companies to come forward with data. To use the two databases 
outlined required new (primarily in CLARE) and existing methods such as input-output. 
Incorporation of these data and the methodology means that indirect estimates can be 
achieved in detail and comprehensively for all relevant businesses within a given area 
and attributed in very high spatial resolution. This has not been conducted in the past as 
far as the authors is aware.
CLARE achieves a spatial extension in attribution that is believed to be one o f the most 
detailed to date in the literature. It should, however, be noted that to enable this, 
national sector level environmental data as opposed to regional environmental data are 
applied. This was conducted, due to the fact that complete, detailed and disaggregated 
regional level datasets (including for SME’s) were not available. Furthermore, when 
conducting sector level modelling for indirect emissions in section 3.5, arguably an EIO 
model for Southampton (based purely on Southampton data) would ideally have been 
used as opposed to a national model with localisation through the BSD and ARD. 
However, given the lack of detailed input-output and environmental data at this level, as 
well as likely issues of aggregation for data that is available, a Southampton specific 
sector level EIO framework was not attempted. It perhaps might have been possible 
with significant time and resources and funding available. This is a limitation with 
regards to the sector level modelling (before localisation through the BSD and ARD) 
conducted, that may be possible to overcome in future.
In terms of previous ‘state of the art’ the CLARE model does not incorporate financial 
data supplied by individual businesses o f concern into the input-output table and 
resulting A matrix as Lenzen et al (2006) do. Some may perceive that to not involve 
businesses in the emissions and water use estimation process to be a weakness o f the 
CLARE approach. This may be so, but it is also a strength, as to rely on each 
businesses coming forward with data would require significant business involvement 
and render the prospect of getting business coverage on a consistent and comparable 
basis for a sector in an area impossible (or at the very least extremely expensive and 
time consuming). Localisation of estimates to individual businesses is achieved using 
the very detailed BSD and ARD databases. In future CLARE methods could 
alternatively make use of Dunn and Bradstreet and the Financial Analysis Made Easy
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(FAME) data (published by Bureau van Dijk Electronic Publishing). Although 
coverage is somewhat less extensive with sueh databases they do not encounter the 
same restrictions that would have to in future be navigated to apply some of the single 
business applications using the BSD and ARD databases.
The provision perspective and management consequences
The development of the CLARE model resulted in the development of a new EIO 
modelling perspective that addresses gaps in the EIO sector and national level literature 
by introducing a new modelling perspective; the provision perspective (seen in section 
3.3.1). Applying this perspective, the indirect emissions that arise as a result o f a sector 
or businesses provision for production are estimated. This is the perspective that 
CLARE-indirect applies in the current project.
For the Hospitality sector, the provision perspective allows businesses, policy makers 
and academics an understanding of the amount of upstream (indirect) emissions 
embodied in purchases of a sector (indirect emissions attributable to production when 
summed up). The perspective therefore provides a picture of the indirect emissions 
embodied in purchases (& production when summed) that a sector or businesses of an 
area potentially have influence over. It is a complementary perspective to the 
production and consumption perspectives and provides new insights and understanding 
of upstream abatement opportunities associated with a sector or business’s purchased 
inputs. Such a perspective is particularly important given the increasing evidence o f the 
importance o f public and private sectors procurement emissions and sustainable 
procurement (see Larsen and Hertwich 2011, Ozawa-Meida et al 2011, Vorosmarty et al 
2011, Matthews et al 2008 amongst others).
For individual businesses, the total GHG footprint from CLARE is the sum of the 
production perspective (direct) and provision perspective (indirect) emissions and this 
equates to total emissions attributable to production. These two perspectives together 
account for emissions attributable to a businesses’s sales to final consumers and to other 
companies (i.e. business-to-consumer and business-to-business sales). If one wanted to 
also include downstream GHG emissions from production, refer to Lenzen and Murray 
(2010).
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In order to account for indirect emissions that result from final and intermediate 
deliveries by local businesses or sectors (provision perspective estimates), the 
Hospitality sector level EIO modelling o f CLARE applied the ‘new firm in an existing 
industry’ methodology (Miller and Blair 1985) that applies a ‘total flow’ (TF) like 
coneept (Szyrmer 1992)^^. The early authors who investigated the use o f the total flow 
concept include those such as Jeong (1984). Szyrmer (1992, p.921) states that:
“ZF analysis can be viewed as an alternative to the classical Leontief analysis. 
Although based on the standard Leontief-type algebra, it is used to address different 
questions (andprovide different results). ”
With regards to classical Leontief analysis and TF analysis it is stated that (Szyrmer 
1992, page 928):
''As is well known, in the standard Leontief model, each unit offinal demand has its own 
‘support network', that is, its own direct and indirect inputs that are perfectly separable 
from  other inputs required by other FD units. Thus, the whole production system 
becomes a collection o f  mutually exclusive and collectively exhaustive production inputs 
required by a given FD mix. In the TF model the mutual exclusiveness o f  inputs is not 
present. The same quantity o f  input i may be required at the same time by gross output 
o f  two (or more) different sectors, say j  and k. "
Due to this characteristic that the ‘new firm in an existing industry’ methodology 
entails, if  provision perspective estimates are applied or analysed for two different 
sectors at the same time (and added) double counting can r e s u l t ^ I f  looking at 
provision perspective estimates for one sector at a time on its own there is no issue of 
double counting.
For the food retail businesses (and retail businesses in general compared with other 
sectors), the provision perspective modelling required a different set o f EIO methods
The ‘new firm in an existing industry’ methodology is a somewhat different (but similar) method to that used in Szyrmer (1992) 
when looking at total flow. From testing using the two methods estimates achieved from the ‘new firm in an existing industry’ 
method estimated at 0.3% above the method described in Szyrmer (1992).
Lenzen et al (2007) identify risks o f  double counting when adding ecological footprints.
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due to the way EIO tables were constructed. The approach for this sector estimates 
emissions attributable to specific food products (using the national EIO model) and 
develop emissions intensities by product, and then detailed product sales data for food 
retail businesses (along with emissions intensities), to estimate the emissions 
attributable to product sales of each food retail business (as opposed to purchases for 
Hospitality). As for hospitality businesses, total emissions attributable to the food retail 
business are the sum of their production and provision perspective emissions estimates. 
Also, as in the case for the Hospitality sector, one should not add up production and 
provision perspective emissions across all different sectors in an area as this can lead to 
double counting.
A note should be made with regards to responsibility and the provision perspective. 
The provision perspective on its own does not attempt to directly allocate responsibility 
but is a perspective that can be applied to better understand potential upstream 
emissions that may be influenced via businesses’ or sectors’ sustainable procurement 
and supply chain management. If one however, wanted to allocate responsibly across 
businesses from different sectors of a supply chain, but is worried about double 
counting, one can usefully refer to Lenzen et al (2007). These authors develop and cite 
earlier work that provide methods to allocate responsibility for ecological footprints 
along a supply chain between different actors. This is done using the recently 
quantitatively conceptualised shared responsibility perspective, such as described by 
Gallego and Lenzen (2005). It should however, be realised that (as Lenzen et al 2007 
note) the idea o f shared responsibility is not new. There have been debates in the EIO 
literature about the measures that should be used to allocate responsibility using a 
shared responsibility perspective. Lenzen et al (2007), for example, put forward a 
method based on using value added as a measure of allocating responsibility shares.
Although the shared responsibility perspective and approach is very useful and sensible 
when attempting to allocate responsibility for emissions along a supply chain (including 
consumers), like the consumption and production perspectives, it does not provide an 
understanding of the indirect emissions embodied in production through purchases 
made (or sales in the case of food retail) that a businesses or a sector o f an area 
potentially has influence over. This is where the provision perspective can ‘add value’
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in EIO modelling by providing an understanding of all upstream emissions attributable 
to a business’s production. A major criticism of the production perspective is that it 
leads to countries with clean production (within their own country) but high import 
dependency for GHG intensive products. The provision perspective amends for this by 
including embodied GHGs of imported inputs in estimation and allocating them to the 
provision of producers in a sector and area (as opposed to final consumers in the 
consumption perspective).
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C h a p t e r  4: U n c e r t a in t y , Se n s it iv it y  a n d  A s su m p t io n s
T e st in g
4.1 Introduction
The last chapter dealt with the ‘Framework development’ research question (1). As 
identified in Chapter 3 however, formal methods development and presentation is also 
required for the ‘Uncertainties and sensitivities’ research question (3) and the 
‘Framework assumptions’ research question (4). This is the subject of the current 
chapter.
Firstly in section 4.2.1 a method known as multiple imputation using Monte Carlo 
analysis is presented. These methods enable assessment of uncertainties associated with 
the main assumption of CLARE-direct. The ‘Framework assumptions’ research 
question (4) also makes use of the same method. Section 4.2.2 presents a method (Area 
sensitivity analysis) to investigate sensitivity o f emissions estimates to changes in the 
business profiles of an area. This helps address both the uncertainties and sensitivities 
research question (3) in relation to CLARE-direct and the methods are also used when 
comparing model estimates as part o f the ‘framework assumptions’ research question 
(4) for CLARE-direct. Results from using methods of section 4.2 are presented later in 
Chapter 6 of this PhD^^^.
Also addressing the ‘Uncertainties and sensitivities’ research question (3), a number of 
approaches to overcoming aggregation of environmental data (sections 4.3) and 
environmental and economic data (section 4.4) are presented. These methods are 
relevant to indirect emissions and water use modelling. Results from different 
disaggregation methods of section 4.3 are used for comparative analysis in Chapter 7 
and inform uncertainties and sensitivities around data disaggregation on emissions and 
water use estimates from EIO modelling. The approaches presented in section 4.4 
ultimately results in a 126 sector EIO model (most disaggregated model) being 
generated which was ultimately used for GHG emissions estimation for the
Analysis o f sensitivities to disaggregation for CLARE-direct are also assessed in this latter Chapter, but methods are basic so no 
formal presentation is needed in the current Chapter.
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Southampton case study (presented upfront in chapter 5) and for comparison of indirect 
GHG emissions estimates with other studies in Chapter 8. Section 4.5 presents methods 
used to develop output and emissions multipliers and these are used to aid comparative 
analysis in Chapter 7.
Rounding up, section 4.6 presents the conclusions of this chapter. In this final section 
we provide an overview of methods presented and developed in this chapter and how 
they link and build on the literature.
4.2 Multiple imputation and Area sensitivity analysis
This section present two methods for the assessment of uncertainty and sensitivity of 
direct emissions estimates. The first method in (section 4.2.1) allows one to investigate 
uncertainty associated with direct emissions estimates for a given business or set of 
businesses. The second method (section 4.2.2) allows one to investigate sensitivity of 
emissions estimates to changes in business mix within areas. This method is 
particularly good for investigating how data disaggregation effects on direct emissions 
estimation may play out across lOOO’s of areas, each with a differing mix of businesses. 
This analysis is latter documented as the Area sensitivity analysis in Chapter 6. The 
latter method is also employed when comparing estimation of different models later in 
the same chapter. Both methods 4.2.1 and 4.2.2 enable analysis in Chapter 6. We start 
by looking at the first method that applies multiple imputation using Monte Carlo 
simulations.
4.2.1 Multiple imputation using Monte Carlo simulations
The CLARE-direct model presented in Chapter 3 is essentially run as a deterministic 
model when estimating direct emissions for Hospitality businesses and food retail 
businesses in Southampton. Input parameters applied are fixed values (in most cases as 
averages).
The model falls into the category of a single imputation model, it makes use of mean 
values / y  and u j .  In reality however, fixed (mean) values for parameters such as 
y) and Wy may not approximate closely with actual input parameter values for a
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businesses or businesses. Patrician (2002) identifies from Schafer (1999) that no 
account for variability between imputations is conducted in single imputation, as only
one value is imputed (and is based on mean values for parameters such as { f j  and Uj )).
When using mean values for single imputation, variability decreases and this is said to 
effect the plausibility of estimates and error terms, the technique is also said to overstate 
precision (Little and Rubin 1989 and re-stated in Patrician 2002).
One could conduct sensitivity analysis of how emissions estimates change when 
extremes of the input parameters are applied (Raychaudhuri 2008). This could provide 
some information on how different actual emissions estimates for businesses may be in 
reality compared with CLARE-direct estimates. This approach however, does not 
provide an indication, or indeed the likelihood that emissions estimates from the 
deterministic model may be moderately or drastically incorrect. There is a need for a 
more scientific quantification and more informed picture of the uncertainties associated 
with the deterministic estimations of CLARE-direct.
In this PhD a form of multiple imputation (MI) is conducted to inform on the potential 
uncertainties associated with CLARE-direct. The application o f this approach enables 
the deterministic form of CLARE-direct to be avoided and the model and its estimation 
become stochastic.
Schafer 1999 states that:
"Multiple imputation is a Monte Carlo technique in which missing values are replaced 
by m>l simulated versions, where m is typically small (say 3-10). In Rubin’s method 
fo r  ‘repeated imputation ’ inference, each o f  the simulated complete datasets is analysed 
by standard methods, and the results are later combined to produce estimates and 
confidence intervals that incorporate missing-data uncertainty!'’ (Schafer 1999, Page
3)
In the above quote m is believed to be the number of simulations.
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In developing this technique for the current project, assumptions and constraints o f the 
multiple imputation technique were considered^ and it was judged that the technique 
does provide the best opportunity for understanding the likely uncertainties surrounding 
estimation of the deterministic version o f CLARE-direct. Although this is so, it should 
be acknowledged, that the situation of the current project (having no individual business 
emissions and water use figures in datasets used to estimate) is different to most 
situations in which multiple imputation (MI) is applied. Rubin (1996) states that the 
point of multiple imputation is to provide valid statistical inference not optimal point 
prediction. This is very much how the technique is seen as useful in the current project.
MI is often used to produce missing values in a given dataset. Schafer (1999) notes 
that unless rates of missing information are unusually high, there is generally little or no 
practical benefit to using more than five to ten imputations. However in the case of our 
imputation, the amount of missing values for emissions and water use are unusually 
high, and the whole point of developing CLARE-direct is to estimate these missing 
data. For this reason we ‘err on the side of caution’ and conduct many simulations 
(1000) in order to derive the most accurate and likely confidence in te rv a ls ^ G iv e n  
that missing values are prevalent, multiple imputation is used in the current project as a 
best attempt to derive the most likely confidence interval for the missing data, based on 
scientific techniques. It is not however a 100% ‘concrete’ quantification of the 
uncertainty associated with CLARE-direct estimation, but it is thought to be a 
reasonably robust attempt, with available data. Rubin (1996, page 473) states that he 
firmly believes in multiple imputation for problems of missing data and says that:
Patrician 2002 identifies that:
Missing data should be missing at random (MAR);
The imputation model must match the model used for analysis (Allison 2000); ,
The imputation model must preserve all important associations among variables in the dataset (seen in Schafer 1999);
The dependant variable must be included in the imputation model (as seen in Schafer, 1997/2000);
The algorithm used to generate imputed values must be “correct”, that is, it must accommodate the necessary variables 
and their associations. Rubin (1989) is said to state that good imputation methods use all information related to missing cases.
Missing at random (MAR) is said to occur when the probability o f  a missing value does not depend on the value itself but may 
depend values o f  other variables present in the dataset. The example o f  weight is given by Patrician (2002), so this case the 
missingness o f  weight is not dependant o f  weight (o f a person for example). The situation that we have in this project, is that 
values are simply not collected. So with this being the case it is believed that the data are MAR. Based on the fact that the multiple 
imputations o f this project apply Monte-Carlo analysis, following Schafer (1999, page 5), is believed that the imputation method is 
‘proper’ as defined by Rubin (1986) . It is believed that our imputation model does preserve all important associations among 
variables in the dataset (Schafer 1999) as SIC code, employees, and turnover are preserved. The dependant variable is included in 
the imputation model. The model makes use o f  available and necessary variables and their associations as far as is possible.
Use o f  1000 or more simulations is not unusual when applying Monte Carlo Analysis.
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"multiple imputation is the method o f  choice fo r  addressing problems due to missing 
values: alternative methods either require special knowledge and techniques not 
available to typical users or produce answers that are generally not statistically valid 
fo r  scientific estimands”
Two procedures to enabling multiple imputation were: use simulation to estimate 
missing values by the model (but introduce random variation as opposed to mean 
values); and continue this until complete datasets have been generated.
The steps in multiple imputation performed in the current PhD are now described.
Firstly with regards to the model, the appropriate model used was determined to be the 
CLARE-direct model earlier introduced. The model takes into account turnover data 
(as well as employees) that both Bradley and Jackson (2007) and King and Tsagatakis 
(2006) do not. This was done in an attempt to preserve important associations among 
variables in the dataset (in line with Schafer 1999). Turnover is thought to be linked 
to increases in GHG, waste and water use estimation and believed (by the current 
author^ ^ )^ to be a better proxy than employment particularly for sectors such as Retail 
and particularly for emissions such as C&I waste. Choosing the variables to include in 
the imputation model is important (Wayman 2003) and was a serious consideration in 
the current PhD.
With regards to incorporating random variation, this was conducted in the model by 
applying Monte Carlo Simulations. Monte Carlo simulations introduce stochastic 
variation (non deterministic) into the model and emissions estimates, by enabling 
parameters to change and fluctuate at the same time, based on random sampling for 
each parameter from its underlying dataset or from a probability distribution which 
matches the dataset of concern.
The current author believes this to be the case as in competitive markets priees o f  identical goods and services should be broadly 
similar, therefore higher turnover for a company entails higher material (and energy) throughput (in terms o f  material inputs to 
produce goods and services). Higher employment in a business does not automatically mean higher material throughput (entailing 
higher direct and particularly indirect emissions and water use), it may signal changes in production techniques or inefficient 
management o f staff. The logic is higher turnover, higher number or products sold, higher material through puts and higher 
emissions o f waste, energy and water use. It is believed that using turnover as opposed to employees is especially important when 
estimating waste for retail businesses and hospitality businesses such as restaurants, pubs and bars. These are the reasons why the 
current author believes turnover to be a better proxy for GHGs, waste and water use.
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Referring back to CLARE-direct in Chapter 3, section 3.2, the two fixed parameters for 
which random variation needs to be incorporated are:
f  j the average turnover per employee for a given size band and SIC code j;
Uj the average emissions per unit turnover for the relevant sector (sector j), 
corresponding with the business;
To introduce random variation, there was a need to know the probability distribution for 
the data from which f  j and uj came from. This is required as random sampling needs 
to occur from the underlying probability distribution of each dataset (from which 
f  J and uj were d e r iv e d )U n fo r tu n a te ly  f  j and uj were derived from samples and 
not entire populations o f businesses.
From observations of the samples that were available to derive f  j ’s for various types
of businesses, it was generally found that there was not a straight forward and robust 
‘precisely accurate’ way of defining the probability distribution for each dataset. After 
analysis of various approaches it was decided that the best possible way o f generating 
many random samples from the underlying probability distribution was to randomly 
sample from the actual data set. A barrier to conducting this was that data was stored in 
the virtual micro data lab, and ONS were uneasy about individual samples from the 
actual underlying dataset being sampled from. To get around this problem it was agreed 
that each dataset could be re-generated by taking each data point of the dataset and 
using the excel rand fiinction^^^ to produce a similar but slightly different value within a 
close range. Once conducted for all datapoints in the dataset this more or less produced 
an ‘approximate clone’ or ‘dummy dataset’ from which to draw random samples (with 
an approximately ‘mirrored’ probability distribution) when conducting Monte Carlo 
Simulations. The ‘approximate clone’ dataset was kept in the lab, where random
In line with the probability o f  any value being selected. 
Estimates numbers at random within a given range.
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sampling was conducted^^^. Random sampling of 1000 data points was conducted, 
when carrying out Monte Carlo simulations for any business.
To generate the random samples from a dataset with the correct probability distribution 
of the dataset that wy was derived from was difficult. To do this one needed to have 
access to the underlying data sample from which uj was derived. This was however not 
available. The likely distribution o f the data was reviewed. From previous research 
(Druckman et al 2008a) it was determined that the Weibull distribution was likely to be 
the best fitting distribution for the waste data sets used to derive u j . Using the mean 
value for uj and the excel easy fit add in^^ ,^ it was possible to produce random numbers 
sampled from a Weibull distribution than had a mean value matching u j .  One 
thousand random numbers were generated for each business, using this approach. This 
was not ideal but the best approach given data constraints.
Once the random samples were generated for both f  j  and uj the model was run for a
business with these random samples one thousand times using the following equation 
(CLARE-direct model without mean values):
eo=fj">cUj (4.1)
Where:
is the direct emissions occurring from business o; 
f j  is the turnover per employee sampled from a turnover per employee dataset for a 
given size band and SIC code j ;
Uj is a random sample of emissions per unit turnover derived from the generated 
probability distribution derived from emissions data (sector j);
Multiple imputation was performed in the lab with CLARE.
Using this excel ‘add in’ one can generate random numbers which fit a given probability distribution and level o f  amplification. 
Using the ‘add in’ one chooses an appropriate distribution, specifies a mean value (determining amplification) and the number o f  
random numbers to generate. The result is a set o f  random numbers o f  a specific type o f distribution with a given amplitude.
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4.2.2 Area sensitivity analysis
Multiple imputation using Monte Carlo analysis in section 4.2.1 enables one to avoid
the use o f mean values of CLARE-direct { f  j and u j )  and introduce some stochastic
variation into the model. The Monte Carlo simulations however, take a business or 
businesses examined as a given.
It was however, realised that it could be useful to see how the CLARE-direct (and other 
models) perform when the mix o f businesses present in an area changes. Therefore, this 
section presents a method to investigate sensitivity of estimation to a change in the mix 
of businesses present within an area^ "^^ .
By looking into this one can understand the extent to which emissions may change 
between areas due to changes in the mix of businesses present. It can also be useful in 
understanding disaggregation effects, by testing effects over numerous scenario areas. 
This investigation was conducted for Hospitality businesses and Food retail businesses 
in Chapter 6 . The investigation was called the Area sensitivity analysis. Methods are 
now presented.
To investigate this issue, 1000 scenario areas were generated each consisting of 30 
Hospitality businesses (or alternatively Food retail businesses), but the size and sub 
sector of each business varied and was determined by random sampling from a 
representative UK population o f businesses (either Hospitality o f Food retail, depending 
on which was being investigated).
We now identify how businesses were randomly sampled for each scenario area. The 
population o f business from which to conduct random sampling was generated using 
UK data from Table B3.1 of ONS (2004). This data was sufficient to generate a 
reasonably UK representative population of businesses for each area^^^. These data 
were publicly available and adequate for requirements and enabled reduced time and 
financial requirements than would have been required if  using VML lab data.
Due to random sampling, the method is similar to Monte Carlo simulations.
For employee data used from Table B3.1 o f  ONS (2004), in one or two situations the employee size bands o f  Table B3.1 did not 
exactly fit the employee size bands required for modelling, but broadly did (e.g. 0-9 employee size band as opposed to 1 to 10).
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Table 4.1 identifies data used and the representative population of UK businesses finally 
used.
Sector Employee size band Number of VAT 
based enterprises 
in 2004
Percentage of UK 
population of 
Hospitality 
businesses
Representative 
population of UK 
businesses used 
for random 
samolino
Hotels and Motels
1 to 10 5365 4.8 485
11 to 25
3495 3.2 31626 to 100
101 to 249 255 0.2 23
250+ 100 0.1 9
Campsites and 
short-stay ace.
1 to 10 3290 3.0 297
11 to 25
410 0.4 3726 to 100
101 to 249 20 0.0 2
250+ 15 0.0 1
Restaurants and 
cafes
1 to 10 42965 38.8 3881
11 to 25
6850 6.2 61926 to 100
101 to 249 215 0.2 19
250+ 90 0.1 8
Public houses and 
bars
1 to 10 36130 32.6 3263
11 to 25
6895 6.2 62326 to 100
101 to 249 100 0.1 9
250+ 70 0.1 6
Catering
1 to 10 3720 3.4 336
11 to 25
645 0.6 5826 to 100
101 to 249 45 0.0 4
250+ 45 0.0 4
Total - 110720 100 10000
Table 4.1: Representative population of hospitality UK businesses finally used
The far right column of Table 4.1 identifies the population of businesses from which 
random sampling was conducted. This was generated based on the nurnber o f VAT 
based hospitality businesses in 2004. One could have used actual data (third column 
along) but this data had a very large population to sample from and would have required 
significant data manipulations. The same procedure was conducted to derive the 
representative population of food retail businesses.
For each of the businesses identified in the far right hand column an employee number 
had to be assigned to each business (as this detail is not provided in ONS 2004). In 
order to do this, the excel rand between function was applied. This function allowed 
one to generate a number of employees for each business, based on its employee size 
band (for example, a business in the employee size band 11 - 25 would be randomly 
given an employee number between 1 1 -2 5  and so on).
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Once employees had been assigned to each business, random sampling o f 30 businesses 
(from the underlying hospitality business population) for each o f the 1 0 0 0  scenario 
areas was conducted from the representative population.
Once the 30 businesses in each scenario area had been assigned, CLARE-direct was 
used to estimate emissions and water use for each individual business, resulting in a 
total emissions estimate for businesses in each o f the 1000 areas. These data were used 
for analysis in Chapter 6 .
We now look at methods for investigating uncertainties and sensitivities for indirect 
emissions. In particular, the next section looks at the issue of how to overcome 
aggregation of environmental data in EIO models.
4.3 Approaches to deal with aggregation of environmental data
This section again presents methods relevant to the investigation of ‘uncertainties and 
sensitivities’ research question (3). Specifically, this section presents different 
approaches to dealing with data disaggregation which can affect indirect emissions 
estimates. Chapter 7 of this PhD will examine the sensitivity to environmental data 
aggregation by comparing results from these different approaches. We start by 
introducing the various approaches available from the literature.
It was identified in the literature that environmental data aggregation can effect 
emissions and water use estimates from EIO models. When environmental data are 
more aggregated than monetary input-output accounts data there are three approaches 
one can take to overcome this, as covered by Su et al (2010):
1. Aggregate more detailed economic input-output data to the level o f aggregation 
that matches more aggregated environmental data^^^. This is called the 
aggregation approach in this study. Machado (2000) and other authors have 
applied this approach in the past.
126
Su et al (2010) call this “Data Treatment Scheme 1”.
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2. Alternatively, one can disaggregate the environmental data so that it matches 
the level of disaggregation of economic input-output data^^^. In this approach 
more aggregated environmental accounts are mapped, using linear scaling 
assumptions (based on output) to match the more detailed economic accounts 
(Jackson et al 2006). We call this the linear scaling approach. In the past 
Lenzen et al (2004), Jackson et al (2006) and other authors have applied this 
approach.
3. Thirdly, one could apply a hybrid approach^^ ,^ where one takes the linear 
scaling approach and incorporates information from more disaggregated 
external environmental datasets to disaggregate the environmental dataset of 
concern and remove the need for the linear scaling approach and its inherent 
assumptions. Su et al (2010) and Lenzen and Peters (2010) have applied this 
approach, and we demonstrate methods to apply this approach in the current 
study.
The method for the first approach is quite obvious. The linear scaling approach and 
hybrid approach are not quite so obvious. For this reason the necessary methodological 
detail and equations for the linear scaling approach and hybrid approaches will follow. 
It should be noted that the term hybrid approach used here is not believed to be the 
same as the form of hybrid LCA known as lO-based hybrid approach. This is because 
no changes are made to the structure of the A matrix to enable these approaches and 
‘bottom up’ LCA data is not directly used in the approaches.
4.3.1 Linear scaling approach
The equations for the Linear scaling approach are presented below:
e-i = — ej (4.2)
°j
Where:
is the estimated emissions of sub sector j l ;
Su et al (2010) call this approach “Data Treatment Scheme 2”.
'^^Please note that the hybrid approach discussed here cannot be classed as an lO-based hybrid approach due to the fact that LCA 
data is not used and no changes to the A  matrix o f  the EIO model are made.
200
Oj is the output of sector j ;
is the output of sub sector ji;
6j is the emissions produced by sector j.
4.3.2 The hybrid approach
Using the hybrid approach external more disaggregated environmental data were
incorporated to disaggregate (and replace linear scaling assumptions) for the Food and 
drinks manufacturing sector. The Food and drinks manufacturing sector was initially 
aggregated as one particular sector. Using the hybrid approach the sector was
disaggregated into twelve sub-sectors. This approach was applied for both GHG and
food waste datasets.
In order to disaggregate data using the hybrid approach four main steps were applied 
for both GHGs and food waste.
1. Estimate GHGs or waste by sub sector from an alternative proxy dataset;
2. Estimate sub sector GHGs or waste as a proportion to total GHGs or waste 
of the aggregated sector (for the proxy dataset);
3. Multiply the proportion (as a decimal) from the proxy dataset by the 
aggregated sector figure for the actual sector data used in EIO modelling;
4. Generate coefficients.
Although these are the main steps applied, due to proxy datasets available there are 
differences in the procedures for the hybrid approach for GHGs and food waste. The 
precise procedures are now explained for GHGs and food waste.
The hybrid approach for GHGs
This was performed for the Food and drinks manufacturing sector. The initial most 
disaggregated data found for the Food and drinks manufacturing sector (sector j) was 
energy consumption data from BERR (2008). This dataset presented different types of 
fuel use for sub sectors of the Food and drinks manufacturing sectors (jl, j2, j3 etc)^^^. 
The first step was to derive sub sector estimates of CO2 from sub sector fuel use. Given
All data were made to be in kWh, so consistent with fuel use to CO2 conversion coefficients.
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that the GHGs o f the Food and drinks manufacturing sector are predominantly CO2 , 
using a CO2 dataset as a proxy dataset for GHGs is seen as reasonably robust.
To estimate CO2 o f sub sectors, Defra (2005) fuel use to CO2 conversion factors were 
applied with BERR (2008) fuel use data as seen in equation 4.3 :
en=f„c„ (4.3)
f  is the quantity of fuel type n used in sector i (n = 1  to m); 
is the carbon emission factor for fuel type n; 
is the estimated CO2 emissions for sector j l  for the proxy dataset^^®.
Step 2 was conducted as follows. The emissions of each sub sector of sector j were 
estimated to form a proxy CO2 dataset with CO2 estimates for each sub sector of sector 
j. Once this was done each sub sector CO2 estimate for sector j was calculated as a 
proportion of total CO2 for sector j in the following way:
P j i = —  (4-4)
^j
Where:
Pj^ represents the proportion of CO2 emissions of sub sector j 1 o f CO2 emissions of 
sectorj.
Based on this, step three then took p^ , developed from the proxy dataset, and applied it 
with the aggregated GHG data for sector j (the GHG dataset used in EIO modelling):
eJ^  =PjiCj (4.5)
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Where:
6jy is the estimated GHG emissions of sub sector j l .
GHG estimates were generated for all 12 Food and drinks manufacturing sub sectors 
(jl,j2,j3...etc). GHG emissions eoefficients were then developed by dividing by sector 
output (in basic prices) in the usual way.
The hybrid approach for food waste
Again this was performed for the Food and drinks manufacturing sector. There were 
four main steps in generating food waste estimates, they were as follows:
1. Estimate food waste by sub sector using Environment Agency 1999 C&I waste 
(proxy) data;
2. Generate each sub sector (food waste) as a proportion o f total food waste in 
1999 (proxy) data;
3. Apply the 1999 proportions to the Environment Agency 2002 food waste data in 
order to estimate each sub sectors food waste using 2 0 0 2  data; and
4. Generate food waste coefficients.
The initial most disaggregated data found for the Food and drinks manufacturing sector 
(sector j) were data of the 1999 Environment Agency C&I waste survey data. Estimates 
were presented in the form of sub sector waste per employee figures (attained from 
survey estimates o f waste for sampled businesses of a sub sector, divided by the 
employment for the surveyed businesses).
The Environment Agency 2002 C&I waste figures were developed using the European 
substance orientated classification. Luckily the descriptions of different types o f food 
waste were at a very detailed level by sector in the 1999 data, and with data sent by the 
Environment A g e n c y i t  was possible to pick out the wastes that were classified as
Bell A. (2007). Personal Communication o f detailed waste classification spreadsheet from Alan Bell (Environment Agency) to 
Pete Bradley (University o f  Surrey) in 2007.
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food waste according to the substance orientated classification. So for each sub sector, 
relevant food wastes categories were selected.
Adding up the various relevant waste per employee values (making up food waste) for 
each sub sector, it was possible to generate an estimate of food waste per employee for 
each sub sector. In order to estimate food waste for the sub sector from the proxy 1999 
EA C&I waste dataset, the following calculation was conducted.
(4-6)
Where:
ejfis the estimated food waste emissions of sub sector j l ;  
is the estimated food waste per employee of sector j l ;  
is the employees o f sector j 1 .
The estimates attained however, were very different to the 2002 data. After speaking 
with Terry Coleman of the Environment Agency, this occurs for a number o f reasons^^^. 
The percentage food waste that each sub sector makes up of the total food waste for the 
aggregated sector is however thought to be broadly correct based on information from 
observing estimates in C-Tech (2004) and WRAP (2009). The Meat and meat products 
sub sector is the most dominant sector in terms o f production of food waste. The C- 
Tech (2004) report estimates large amounts o f food waste in the Other food 
manufacturing sub sector, our estimates however did not. Eunomia (2008)^^^ also did 
not report this. Although far from ideal, the disaggregation achieved from the 1999 
data, is believed to be the best possible using data relevant to England and the UK. 
Welsh data for 2004 perhaps could have been used, but data would have been specific to 
Wales and not England, and with generally low representation eompared to the 1999 
data. It was also difficult to attain estimates that were reliable with this data.
 ^ Terry stated that the main reason was likely to be due to the fact that the detailed waste per employee figures were developed 
based on the limited surveyed data for businesses for very detailed sectors, where as actual broad level sector waste estimates were 
grossed up from survey data at a very high level o f  sector aggregation, estimation was also done on a site basis as opposed to 
emj3loyee basis.
The report also highlighted large amount o f  what it terms ‘biological waste’ for the drinks related sectors (e.g. apple etc left 
over from production o f  cider etc.). This waste is however not classified as food waste.
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Once the food waste o f each sub sector had been estimated from the proxy data for 
1999, each sub sectors’ food waste was estimated as a proportion of total food waste of 
sector J (
P n - f  (4 7 )
Step three then took developed from the proxy dataset, and applied it with the 
aggregated food waste estimate for sector J from the EA 2002 C&I waste data:
e f l=Pj , e f  (4.8)
Where:
is the estimated food waste emissions of sub sector] 1 for 2 0 0 2 .
This latter procedure ensured that the total food waste estimate was consistent with 
2002 data. Food waste estimates were generated for all Food and drinks manufacturing 
sub sectors (jl,j2,j3...etc). From this data, disaggregated food waste coefficients were 
generated by dividing sector food waste by sector output (in basic prices) in the usual 
way.
4.4 Approaches to deal with aggregation of economic and 
environmental data
Whereas the last section 4.3 set out three methods to overcome environmental data 
aggregation, this section presents a method to overcome economic and environmental 
data aggregation at the same time for the Agriculture sector.
During the project, and from reading documents such as Audsley et al (2009) amongst
others, it was apparent that Agriculture produces very significant amounts of GHGs and
that different types of Agriculture activities, for production of particular agriculture
products can have very different average amounts of GHGs released (in Agriculture) in
production. In particular, key differences are observable for meat products and dairy
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products versus vegetable and fruit produce etc. This was problematic as this project 
was to estimate indirect GHGs attributable to food retail businesses, that often make use 
of large amounts of food and drinks products.
In UK 1-0 tables and UK GHG data, the Agriculture sector was presented in aggregate 
form as one sector. This was unsatisfactory for our estimation of GHGs embodied in 
food products as discussed above. It was also unfortunate, as Food manufacturing 
sectors (which are key in estimating GHGs for food products for Food retail, as seen in 
section 3.5.2) are disaggregated in terms of meat products, dairy products and fruit and 
veg. EIO methods in 3.5.2 attribute emissions to such sectors. Therefore, ideally the 
current study needed to disaggregate Agriculture GHG data to a similar level using the 
hybrid approach. To apply this more disaggregated approach for environmental data in 
the EIO model however, required a corresponding level of disaggregation in input- 
output table data. A method was developed to enable this. This method o f overcoming 
economic data aggregation (of inter-industry data) is unique to this study and believed 
to be a useful technique alongside economic data disaggregation methods seen in Joshi 
(2000). Due to the fact that changes are made to the A matrix (and Leontief), as well as 
the use of LCA data, it is believed that the resulting model from methods o f this section 
would be classed by some as a lO-based hybrid approach (hybrid LCA model), 
although in a limited way. We now provide some background before introducing the 
methods developed to achieve this aim for the section.
Economic data for the Agriculture sector for which much of the Food and drinks 
manufacturing sector buys its raw food produce, was not disaggregated in the EIO 
model, but just given as one sector (Agriculture) as identified. Due to this, and because 
o f the aggregation of GHG data, there was no differentiation between GHG impacts 
(generated in Agriculture) for meat commodities, veg. and fruit commodities or dairy 
commodities, which are later purchased by key food manufacturing sectors (seen in EIO 
methods of section 3.5.2): Production and processing of meat. Processing and 
preservation of fish and fish products and fruit and vegetables, as well as the Dairy 
products sector.
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There was a need to find a way to ensure that when estimating indirect GHG emissions 
for key Food and drinks manufacturing sectors^^" ,^ the model used different GHG 
intensities for each o f the three different types of Agriculture products: Agricultural 
meat, Agricultural fruit and veg. and Agricultural dairy^^^. Due to this, an attempt was 
made to further disaggregate the Agriculture sector’s economic data, as well as its GHG 
data, in a way that achieved the goals discussed above^^^. There were two main tasks 
that had to be conducted to enable this:
1. Manipulation of the Leontief to 126 sectors and; and
2. Disaggregation of GHG coefficients to 126 sectors..
Firstly, the method to manipulate the Leontief to enable extension to 126 sectors (to 
enable the incorporation of three additional GHG intensities) is presented in sub section 
4.4.1. Secondly, the hybrid approach that enabled an extra three Agriculture sub sector 
GHG coefficients is presented in sub section 4.4.2.
4.4.1 Extension of the EIO model to 126 sectors
Extension of the EIO model to 126 sectors, allowed the creation of three additional 
Agriculture sub sectors (termed mirror sectors in Appendix 4.1): Agricultural meat. 
Agricultural fruit and veg. and Agricultural dairy in the EIO model.
With regards to disaggregating the economic accounts for Agriculture, data on 
economic output of Agriculture sub sectors was available. Detailed and reliable inter­
industry purchases and sales data were not publicly available. This was, however, 
required to disaggregate the direct requirements matrix and then the Leontief to 126 
sectors. This was a major barrier to attaining a more disaggregated model. Generally, 
it is possible to insert new sectors into input-output tables, but one must generally have 
inter-industry sales and purchases data to conduct this for the sectors of concern. Such
Production and preserving o f  meat and meat products. Processing and preserving o f  fish and fish products and fruit and 
vegetables and dairy products.
The main limiting factor on the level o f  aggregation decided, was the level o f  disaggregation o f  the Leontief for Food processing 
sectors.
After a lot o f  thinking and consideration o f  different datasets (economic and environmental) and aggregation levels for the 
model, it was decided that all relevant commodity groups should be aggregated into an Agriculture meat category. Agriculture Fruit 
and veg. category and an Agriculture dairy category. This was the most robust, consistent level o f  disaggregation to apply in 
achieving the aims o f  the hybrid approach for the Agriculture sector.
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data are often not available, or may be available but in micro-data form for businesses. 
Therefore, significant time and resources are required to achieve input-output sales and 
purchase data for the sectors of concern. There was not seope to undertake such a task, 
in addition to addressing the framework development and related research questions o f 
this thesis.
With this being the case, a solution was developed to increase the disaggregation o f the 
direct requirements matrix and subsequent Leontief from 123 to 126 sectors. This 
allowed different GHG eoefficients to be applied when estimating GHGs attributable to 
the final demands of key Food manufacturing sectors. The solution was found by 
adjusting the direct requirements matrix. A procedure to extend the Leontief from 123 
to 126 sectors was developed, so that estimates of économie output and embodied 
GHGs of some of the detailed food manufacturing sectors made use of disaggregated 
Agriculture GHG eoefficients (as opposed to just one aggregated coefficient), as 
opposed to the aggregated Agriculture GHG coefficient. This method is now 
presented.
Procedure to manipulate the Leontief
Firstly, three additional sectors were generated in the intermediate use table. So after 
the 123^ ^^  sector, the sectors were entered on the vertical and horizontal axis, as seen in 
Table 4.3^^^. The three sectors were: Agricultural meat. Agricultural veg. and fruit and 
Agricultural dairy. Once ereated, the following manipulations were performed to the 
sales and purehases for identified sectors. Firstly, purchases by relevant processing 
sectors (Meat processing, Veg. and fruit processing. Dairy processing) from the 
Agrieulture sector were extracted (zeros were placed where the cells were extraeted 
from, now highlighted in blue in Table 4.3) and placed in each of the three additional 
sectors’ relevant sector row positions- highlighted in yellow at the bottom of Table 
4.3.^^^ Zeros are applied elsewhere in the rows of the three additional sectors (see the 
bottom of Table 4.3). Columns for the additional sectors must be identical to
Note that the illustrative input-output table in Table 4.2 and 4.3 does not include all 126 sectors.
It is known that the Production, processing and preserving o f  meat sector, purchases predominantly Agricultural meat products. 
The Processing and preserving o f  fish and fish products fruit and vegetables sector, purchases predominantly Agricultural fruit and 
veg. products (from Agriculture). It is also known that the Dairy products sector purchases predominantly Agricultural dairy 
products (from the Agriculture sector). Due to this fact, the purchases from key Food and drinks processing sectors are moved into 
the relevant disaggregated Agriculture sector: Agricultural meat. Agricultural fruit and veg, and Agricultural dairy.
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Agriculture. The identical columns are highlighted in green on the right hand side of 
Table 4.3. To help the reader see these changes, Table 4.2 shows the existing table 
before manipulations were made. One can then compare and contrast the two tables 
before and after manipulation.
Sector 1. Agriculture 8. Production, 
processing 
and 
preserving of 
meat and 
meat products
9. Processing 
and 
preserving of 
fish and fish 
products; fruit 
and 
vegetables
10. Vegetable 
and animal 
oils and fats
11. Dairy 
products
12. Grain mill 
products, 
starches and 
starch 
products
1, Agriculture 758 2097 795 45 1598 561
b. Production, 
processing and 
preserving of meat 
and meat products
7 2 2 0 3 61 35 22 17
9. Processing and 
preserving of fisfi 
and fisti products; 
fruit and vegetables
8 28 3 3 6 7 53 39
10. Vegetable and 
animal oils and fats 1 2 9 2 8 25 3 6 7
11. Dairy products 5 7 61 9 32 9 13
12. Grain mill 
products, starches 
and starch products
1 6 9 74 10 13 183
Table 4.2: Relevant part of the intermediate use table before manipulations took
plaee
1. Agriculture, 
hunting and 
related service 
activities
8. Production, 
processing 
and 
preserving of 
meat and 
meat products
9. Processing 
and 
preserving of 
fish and fish 
products; fruit 
and 
vegetables
10. Vegetable 
and animal 
oils and fats
11. Dairy 
products
12. Grain mill 
products, 
starches and 
starch 
products
124.
Agricultura l
meat
125. 
A gricultura l 
veg. and fru it
126.
A gricultura l
dairy
1, Agriculture, hunting and related 
service activities 7 58 0 0 45 0 561 7 5 8 7 5 8 7 5 8
8. Production, processing and 
preserving of meat and meat 
products > 7 220 3 61 35 22 17 ; . 7 7 7
9. Processing and preserving of 
fish and fish products; fruit and 
vegetables 8 28 336 7 53 39 8 8 8
10. Vegetable and animal oils and 
fats 1 29 28 253 6 7 1 1 1
11. Dairy products 5 7 61 9 329 13 5 5 5
12. Grain mill products, starches 
and starch products 1 69 74 10 13 183 1 1 1
124. Agricultura l meat 2 09 7
125. Agricultura l veg and fru it 7 95
126. Agricultura l Dairy 1598
Table 4.3: Matrix manipulations made to the intermediate use table.
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Once the changes observed in Table 4.3 are made in the intermediate use table, the 
usual procedure for making the direct requirements matrix is applied^^^. The three 
additional Agriculture sectors used the same output as the Agriculture sector, when 
constructing technical coefficients from their purchase data (in columns). Once 
technical coefficients were derived, the Leontief was constructed in the usual way^ "^ ®. 
Appendix 4.1 provides a description of the input-output system and the convention of 
balancing, as this is important to discuss in relation to making alterations in input-output 
tables. In this Appendix, worked examples are provided and explained to demonstrate 
that the matrix manipulation technique works and how exactly it works. Checks are 
presented towards the end of the appendix to demonstrate that output is estimated 
correctly from the actual model used, model estimates are compared with UK published 
output data.
Purpose of the Leontief matrix manipulations
This manipulation enables Agriculture sub sector (Agricultural meat. Agricultural veg. 
and fruit and Agricultural Dairy) output to result from purchases made in the Production 
and preserving of meat and meat products. Processing and preserving of fish and fish 
products and fruit and vegetables, and Dairy products sector. If this manipulation had 
not been made, all output resulting from purchases by the Food and drinks 
manufacturing sectors from Agriculture would have occurred in the aggregated 
Agriculture sector (if the model was run).
This manipulation exercise is the first step in allowing differentGHG coefficients to be 
applied for different Agricultural food commodities that are purchased by important 
Food and drinks manufacturing sub sectors. Once the Leontief was produced, the 
monetary model was run to ensure that it correctly estimated UK output for each sector. 
It did so, once output o f the three Agriculture sub sectors is added to output o f the 
remaining aggregated Agriculture sector.
Detailed in section 3.3.1 o f Chapter 3. 
Detailed in section 3.3 o f  Chapter 3.
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The same procedure was conducted to adjust and manipulate the imports use matrix, but 
following the method of Proops et al (1993), inversion of the imports use matrix does 
not need to occur.
Main assumption from this procedure
Due to the lack of disaggregated inter-industry purchases data, the following main 
assumption is made: that the three added sectors (that allow different GHG coefficients 
to be applied), have the same purchasing characteristics as the aggregated Agriculture 
sector. The data on sales of each of the three Agriculture sub-sectors to relevant food 
manufacturing sectors is thought to be reasonably correct. For example, the Production 
and preserving o f meat and meat products sector is likely to be dominantly buying 
Agricultural meat commodities from the Agriculture sector, the Processing and 
preserving of fish and fish products and finit and vegetables sector, is likely to be 
dominantly purchasing Agricultural fruit and veg from the Agriculture sector. 
Similarly, the Dairy sector is likely to be dominantly * buying agricultural dairy 
commodities from the Agriculture sector. Due to this, the output (and later GHG 
impacts) that occur directly in Agriculture sub sectors as a result o f Food processing 
sector purchases, is thought to be reasonably accurate in its estimation. Further indirect 
effects on output and GHGs may be less accurate, due to the assumption that each 
Agriculture sub sector has the same purchase structure as the aggregated Agriculture 
sector. This is a limitation of the approach but, these further indirect effects are likely 
however, to be much smaller than initial output and GHGs generated in the agriculture 
sector as a result o f purchases by relevant Food and drinks manufacturing sectors.
4.4.2 Hybrid approach to developing three additional agriculture sub sector 
GHG coefficients
The hybrid approach presented in this section is somewhat different to the earlier 
hybrid approach applied to disaggregate the Food and drinks manufacturing sector. 
This sub section identifies a method of using LCA and product flows data to 
disaggregate the Agriculture sector in the UK 93 sector GHG accounts for 2004^"^^
The method makes use o f  LCA data and involves making changes to the fundamental structure A  matrix so it is believed that 
this method could be classed as an IQ-based hybrid approach.
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With this method, we disaggregate key Agriculture activities relating to: Agricultural 
meat, Agricultural veg. and fruit and Agricultural dairy. The work is useful in practical 
application and has wider implications to Lenzen and Peters (2010), who highlight the 
importance of working at the greatest level of disaggregation possible. The four major 
steps in applying this hybrid approach and generating the new coefficients are 
identified in Figure 4.1:
Estimate GHG emissions 
for all UK produced food 
commodities
Generate coefficients for 
additional Agriculture sub 
sectors
Adjust the original 
Agriculture coefficient so 
it is correct
Estimate domestic output 
in basic prices for food 
commodity categories
Figure 4.1: Four step proeess for producing Agrieulture GHG coefficients.
The first step is to estimate the GHG emissions from the primary production of each 
type of Agrieultural food commodity produced in the UK (meat produets such as beef 
inelude those emissions that oeeur in the growing of animal feed). Produets sueh as 
milk will inelude that part of emissions from working cows etc. For these reasons we 
make the reasonable assumption that it is justified to focus on just food products for 
environmental data.
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The second step was to estimate the domestic output from the Agriculture food 
commodities.
The third step was to generate coefficients for the Agriculture meat, Agriculture veg and 
fruit, and Agriculture dairy sub sectors.
The fourth step is to adjust the original (aggregated) Agriculture coefficient so that it is 
not over estimating GHG emissions, given that the three additional sub sectors are used 
to generate GHGs arising as a result o f relevant Food manufacturing sector purchases in 
Agriculture.
Generally, data are mainly presented in Chapter 3 but the data used in this method are 
so integral to the current method, that both method and data are described here. The data 
sources used in this hybrid approach are now presented.
Overview of key sources of data for Step 1
The most applicable data found for estimating the GHG emissions from primary 
production o f food products was reported in Audsley et al (2009) in a report titled: How 
low can we go?
In this report, data were reported on current GHG emissions from primary production 
(defined as all activities and emissions occurring from commodity production up to and 
including arrival at the regional distribution centre). Comprehensive data on UK 
production of food commodities (excluding products used for animal feed^^^) was also 
available. Using these two data sources, it was possible to estimate the GHG emissions 
from primary production for food products produced in the UK.
Tables used from the report were as follows:
This has being double checked with the authors. For palm oil the estimate includes some non food use commodity flows. Palm 
oil is however not important in UK Agrieultural production as none is produced, so this is not important.
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Table 1 Production o f food commodities in 2005 (fairly close to 2004, the year of 
concern). Values were in thousands of tonnes per annum but converted into Kg per 
annum.
Table 13: Greenhouse gas emissions (COie/kg) from the production (primary
production up until regional distribution centres) of commodities in the UK, the rest of 
Europe and the rest o f the world for direct consumption. The UK production relevant 
data are not perfect as they include some extra emissions from transport to regional 
distribution centres and some initial processing for a few products such as milk and 
meat. But the data were thought to be reasonable. ,
Estimation of GHGs for food commodities (Step 1)
Firstly, the total physical weight (kg) of each food commodity produced by the UK 
Agriculture sector was entered into an excel spreadsheet. To estimate GHG emissions 
occurring from each food commodity, the kg’s in weight (from Table 1) of each 
commodity was multiplied by the COie/kg for primary production for each commodity 
(Table 13). See equation 4.9.
e.i = (4 9)
Where:
is the estimated GHG emissions from UK production of commodity 1.
a cl is the C0 2 e/kg from UK primary production of the product (C0 2 C impacts up to the 
Regional Distribution Centre);
is the physical quantity o f UK production in kilograms.
Equation 4.9 was run for every food commodity produced in the UK, (e^j to n) which
produced an estimate of (Eica) all primary production GHGs occurring for UK produced 
food commodities up to regional distribution centres. The categories o f food 
commodities for C0 2 e/kg (Table 13) did not match the commodity categories exactly
Only regional transport, so primarily shorter distances.
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for every commodity o f Table 1 (they did in the large majority of cases). Adrian 
Williams advised when it was not clear which C0 2 c/kg estimate should be applied to a 
given commodity of Table 1 .
The estimates o f GHGs for each commodity were then aggregated into commodity 
types (according to Agriculture in the United Kingdom in 2005 from which economic 
output data were derived^ "^ "^ ). The GHG emissions o f each aggregated commodity 
group were then divided by the total estimated GHGs of all agricultural commodities 
produced in the UK (those originating from Table 1). This enabled a scaling factor 
(providing information on proportionality) to be developed for each commodity. See 
equation 4.10.
E m i s s i o n s S b a l i n g F a c t o r (4.10)
^ Ic a
EmissionsScalingFactor^^ is a scaling factor for commodity 1;
The total estimated GHGs for the Agriculture sector in 2004 from the 93 sector ONS 
accounts was then multiplied by this value. See equation 4.11.
gg] = EmissionsScalingFactor^^Eg^ (4.11)
E 93 is the emissions of GHGs for the Agriculture sector in the ONS 93 sector accounts, 
gg, is now consistent with the ONS 93 sector accounts.
This equation was run for every food commodity produced in the UK, ( to n), which
when added up, produced the GHGs of E93 (the GHGs occurring for the UK Agriculture 
sector). The later step enabled us to proportionalise the GHGs of Agriculture (reported 
in the 93 sector accounts) to specific commodity groups (hence allowing disaggregation 
of EIO environmental data). It was important to do this in order to ensure against
Published in Defra (2005a).
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double counting that may occur if  the GHG estimates from the report o f Audsley et al 
(2009) were directly used (because they include some transport emissions etc).
Using this latter procedure, the key question to ask is: whether we are making mis- 
allocations due to GHG emissions allocation being based o f food commodity data? 
There may be a small chance o f this, but importantly emissions from crops grown to 
feed animals or animals used for fixed capital, such as those used for milking, had their 
emissions included within listed food commodities. So account of these emissions was 
taken and therefore miss-allocation should be minimised.
There are however some agricultural GHG emissions that occur from Agricultural 
services (such as landscape gardening) that were not included in the food commodity 
GHG estimates initially derived from Audsley et al (2009). These are however, thought 
to be minimal in terms of GHGs -  they are certainly fairly minimal in economic terms 
as seen in the Annual business enquiry (ABI) data, so this should not be a major issue.
Estimation of output in basic prices for food commodities and services (Step 2);
In this step, the domestic output for all Agricultural commodities was identified (as well 
as services, as these need to be excluded as do other non food activities). This was 
conducted as now follows.
Agriculture in the United Kingdom in 2005 provided estimates of output in market 
prices and subsidies for different Agricultural products at quite a detailed level (Defra 
2005a). These data were ideal for estimating the total output o f the Agriculture sector in 
basic prices in 2004 (which matched fairly well with ONS supply and use figures) for 
individual Agricultural commodities. Luckily distinctions in output were made 
between, industrial crops, forager crops and animals used for meat and those used for 
gross fixed capital formation. This allowed a consistent breakdown o f output data, 
matching environmental data categories. This was required.
In order to ensure consistency with input-output data, a similar proportionality and 
scaling procedure used to ensure consistency of GHGs (with 93 sector accounts) was 
applied here to ensure consistency with Stockholm Environment Institute (SEI)
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published output data for the Agriculture sector. See Wiedmann et al (2008a) for this 
data and note that the Centre for Integrated Sustainability Analysis were also involved 
with this work. S ee equations 4.12 and 4.13.
OutputScaingFactor^^ = ——— (4.12)
^AUKOS
Where:
0^1 is the output in basic prices for agricultural commodity 1 (from Agriculture in the 
UK 2005);
Oaukos is total output of the Agriculture sector from Agriculture in the UK 2005 
(mostly food);
OutputScalingFactor^^ is the output scaling factor for commodity 1.
0^1 = OutputScalingFactor^^ (4.13)
Where:
is the output of the Agriculture sector in the input-output accounts (basic prices);
0^1 is now consistent with the Agriculture output reported in the input-output accounts.
Equation 4.13 was run for relevant commodities and services produced in the UK (o^j
to n), which when added up, would produce an estimate of O s e i (the output occurring 
for the UK Agriculture sector in basic prices).
From these data, output in basic prices was estimated for Agricultural meat. 
Agricultural fruit and veg. and Agricultural dairy in 2004. To see how to estimate basic 
prices please see Druckman et al (2008).
Once basic price output data and GHG emissions data were obtained in a consistent 
level of aggregation across environmental and economic accounts, it was possible to 
produce GHG coefficients for the: Agricultural Meat, Agricultural veg and fruit, and the 
Agricultural dairy sub sector. Throughout this work, checks were conducted at each
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stage of producing the coefficients. But checks also had to be conducted to ensure that 
when coefficients were applied with output derived from the I-O model, the correct 
GHG estimates occur. This was conducted in the next sub section.
Checks of coefficients and the 126 sector model
A number of checks were conducted to make sure the coefficients were correct. These 
are now presented.
The 126 sector 1-0 model was run with all relevant final demand (domestic final 
demand +exports) using the following equation 3.5:
x = (I -A )" V  (3.5)
Running this equation produced the output for each sector, including the output for the 
new Agricultural meat. Agricultural veg. and fruit and Agricultural dairy sectors, that 
occurs as a result of the purchases by relevant processing s e c t o r s T h e s e  output 
values were then multiplied by their relevant sector GHG coefficients. This was found 
to lead to a slight over estimation of GHGs for the Agriculture sector as a whole (if the 
sub sectors Agricultural meat. Agricultural veg. and fruit production and Agricultural 
dairy were included). The reason for the over estimation was not because output o f £m 
was overestimated by the model, but due to the GHG coefficient of the Agriculture 
sector (the first sector of the 126 sectors).
The reason for the over estimation, was that the aggregated Agriculture sector 
coefficient was too high. In order for the coefficient to be correct, the GHGs occurring 
in the Agricultural Meat, Agricultural veg. and fruit and Agricultural dairy sectors 
(occurring as a result o f the relevant processing sector purchases) were subtracted from 
the 93 sector reported GHGs for Agriculture. Then the output of the Agriculture meat. 
Agriculture veg and fruit, and Agriculture dairy sectors (resulting from relevant 
processing sector purchases) are subtracted from the reported output of the Agriculture 
sector as a whole (from SEI input-output tables).
The relevant sectors are: Production, processing and preserving o f meat and meat products; Processing and preserving o f  fish 
and fish products; fruit and vegetables; and Dairy products.
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The two (now correct) values for GHGs and monetary output of the Agriculture sector 
(now excluding that part of output and GHGs that arise as a result of purchases from the 
relevant processing sectors) can then be used for making the correct Agriculture GHG 
coefficient. This is done in the standard way by dividing GHGs by output^"^ .^ Since 
these checks were made, further checks have been conducted to ensure that that all £ 
output and GHGs are attributed/allocated correctly to each sector. These more detailed 
checks are provided in Appendix 4.1. From these checks it is confirmed that the 126 
sector model attributes/allocates both £ output and GHGs perfectly to each sector. 
Please see Appendix 4.2 for further information on data used from the report by 
Audsley et al (2009).
The next section briefly introduces methods for generating output and emissions 
multipliers.
4.5 Equations for generating output and emissions multipliers
This section is relevant to the ‘uncertainties and sensitivities’ research question (3) as it 
identifies methods to present indirect emissions from differently aggregated EIO models 
in a comparable form. This is done by converting sector level indirect emissions into 
what we call emissions multipliers. Emissions multipliers express the indirect output or 
emissions of a sector per unit of direct monetary output (in basic prices) for the same 
sector. In this section we briefly outline the equations used to develop these emissions 
multipliers. The equations are as follows.
................................................................   (4.14)
Where:
is the indirect emissions of sector 1 ;
Xj is the direct output of sector 1 ;
The following equation (6) was run with all relevant final demand (domestic final demand +exports) to prove that the right 
result also occurred when environmental coefficients were put directly into the model;
e = u’( I - A ) “V  (3.6)
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ml is a comparable indirect emissions multiplier.
Although equation 4.14 is applied to generate an emissions multiplier, to produce an 
indirect output multiplier, e would be replaced by the indirect output attributable to the 
demands in a sector (when looking at the Hospitality sector).
4.6 Conclusion
In the literature review of Chapter 2 it was identified that very little uncertainty analysis 
of estimates and assumptions of previous direct emissions estimation frameworks had 
been conducted. In order to address this gap and assess the uncertainty associated with 
the main assumption of CLARE-direct, this chapter (in section 4.2.1) presented methods 
to conduct multiple imputation using Monte Carlo simulations. The method will enable 
assessment of the ‘uncertainties and sensitivities’ research question (3) as the method
allows analysis of the uncertainty associated with the use of mean values {u j and f  j ) in
CLARE-direct. Monte Carlo simulations will also play an important role in the 
‘framework assumptions’ research question (4) as they enable a point for comparison 
with CLARE-direct (and other model) emissions estimates. Assessment of data 
aggregation effects on estimation o f CLARE-direct will also be accessed in Chapter 6 , 
the Area sensitivity analysis method presented in section 4.2.2 will aid this task and 
later comparison of estimates from CLARE-direct and those o f other models (by 
allowing one to observe performance over very many areas).
Beyond this uncertainty assessment, in this project modelling made use of very detailed 
SIC codes describing each business in the BSD, in order to determine the sector that 
each business belongs and subsequent sector level data to apply in estimation. It has to 
be acknowledged though that there may be some businesses that identify with several 
different sectors (and SIC codes). In such situations this could potentially introduce 
some uncertainty as to whether CLARE-estimates accurately assign the turnover and 
emissions characteristics of concern that are most appropriate to the business being 
studied, as the BSD only provides one SIC code provided by businesses. This has to be 
acknowledged as a potential source o f uncertainty in final estimates for some businesses 
(that identify with more than one SIC code) that is not captured in our analysis.
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The literature review identified aggregation of environmental data to be a problem in 
EIO modelling, especially when estimating at a detailed level. Due to this fact three 
hybrid approaches to overcome environmental data aggregation were formally 
presented in sections 4.3 to enable disaggregation of GHGs and food waste for 
important sectors. These methods aid the assessment of the impact that data 
aggregation may have, but also enable estimation with higher resolution. These 
methods help address the ‘uncertainties and sensitivities’ research question 3 (for 
indirect emissions) using comparative analysis with results presented in Chapters 7 and 
Chapter 8 . In developing one o f the hybrid approaches (for the Agriculture sector) it 
was realised that economic data aggregation was a barrier to the application o f the 
hybrid approach. A method was developed to overcome this in section 4.4 (in 
conjunction with the hybrid approach developed for agriculture by the current authors). 
The resulting Leontief matrix manipulation technique was developed and performed on 
1-0 tables and ultimately the Leontief. The method is a new and creative approach to 
allow one to disaggregate economic input-output data and apply the hybrid approach 
(for environmental data) when economic 1 - 0  table data appears to be too aggregated to 
enable such an approach. The method is thought to be original to this authors work and 
useful in relation to the literature and techniques described in Joshi (2000). As a result 
o f the development of the methods for overcoming both economic and environmental 
data aggregation a 126 sector EIO model for GHGs was generated and ultimately used 
for the Southampton case study. Due to the use o f process based LCA data as well as 
changes made to the A matrix, the model could be classed as an lO-based hybrid 
approach (hybrid LCA model), although to a limited extent as only applied to one 
sector.
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CHAPTERS: C a s e  STUDY OF HOSPITALITY AND FOOD RETAIL 
BUSINESSES IN SOUTHAMPTON
5.1 Introduction
Following the aim of the PhD and illustrating the ‘framework development’ research 
question 1 , this chapter presents a full set of transparent and comparable direct and 
indirect emissions and water use estimates for Hospitality and Food retail business in 
Southampton. These estimates were developed using CLARE. The chapter illustrates 
the value of such estimates for business and policy makers, by showing what the 
framework tells us about accounting for emissions (GHGs and waste) and water use and 
demonstrating the ability to prioritise emissions and water use hotspots by locality, 
business and products. Some examples o f application of CLARE for purposes such as 
waste infrastructure planning and target setting are demonstrated, as well as the ability 
to link with other technologies such as Google Maps. The work of this chapter 
addresses the ‘framework development’ ‘framework accounting’ ‘infrastructure 
planning and prioritisation’ and ‘pilot targets’ research questions (1,2,5 and 6 ).
The chapter starts by presenting an overview of the emissions and water use results, 
firstly for the Food retail sector and then for the Hospitality sector of Southampton 
Unitary Authority (section 5.2). Southampton was selected for the case study due to 
early links in funding with a research consortium at Southampton University. The two 
sectors were selected because both sectors receive relatively low environmental policy 
attention compared with other sectors; particularly Hospitality (seen in the Waste 
Strategy for England 2007 and other documents) despite quite high direct and very high 
indirect GHG, waste and water use impacts described in this chapter, and noted at times 
in Chapter 2. These businesses also have high representation in the case study area. 
Additionally in the context of economic benefits from environmental improvements, 
Oakdene Hollins (2011) identify that in terms of low cost energy efficiency
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Can a framework be developed that can estimate the direct and indirect GHG emissions, wastes and water use o f  individual 
businesses o f  a specific sector, and for all businesses within a specific sector within a defined geographic area?
What does the framework tell us about accounting for GHGs, water use and waste arisings when applied to businesses at the
local level?
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Can infrastructure planning and prioritisation o f  high direct and indirect emissions and water use locations, businesses and 
products be enhanced from the produced emissions and water use estimates?
Can pilot emissions and water use targets be developed from such estimates?
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opportunities the Retail and Hotel seetors are in the top five seetors of those looked at, 
and are the top two service based seetors.
After sector analysis, the ehapter then proceeds to present detailed local area estimates 
for hospitality businesses within posteode distriets and postcode seetors of Southampton 
Unitary Authority in seetion 5.3. The ability to link CLARE results with map 
information and the advantages of doing this are presented in this section.
The ability of CLARE to look at the emissions and water use o f individual businesses 
and produets is identified in sections 5.4 and 5.5 and then finally a set of business waste 
reduction targets at different scales is presented in section 5.6^^\ Section 5.7 follows 
with discussions and conclusions.
5.2 Hospitality and food retail emissions and water use in 
Southampton
In this section the results for direct and indirect emissions and water use estimation are 
presented, firstly for the Food retail seetor and then for the Hospitality sector of 
Southampton. Absolute numbers for direet and indirect emissions and water use 
estimation are firstly provided and the percentage direct and indirect o f the total, for 
each emission type and water use. Indirect emissions and water use can occur within 
Southampton, the South East, the UK or abroad. Therefore, after headline emissions 
and water use have been presented for each sector, analysis is presented to help 
understand the extent to whieh indirect emissions and water use oeeur within the South 
East and Southampton. This provides an indication of spatial repercussion effects for 
emissions and water use that result from businesses produetion. Towards the end of this 
sub-section we compare and contrast results for seetors and consider poliey uses.
5.2.1 Food retail in Southampton
Results for food retail businesses in Southampton are now reported in Figure 5.1 and 
5.2. The darker colours towards the bottom are the direct, the lighter eolours towards the 
top are the indirect emissions and water use.
Scenarios are applied in some situations, as to publish actual results o f  individual businesses outside the ONS secure 
environment would be disclosive.
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Figure 5.1: Direct and indirect GHG emissions, C&I waste, food waste and water 
use of food retail businesses in Southampton Unitary Authority for 2004
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Figure 5.2: Percentage of direct (production perspective) and indirect (provision 
perspective) GHG emissions, water use, C&I waste, and food waste for food retail
businesses
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Clearly from Figure 5.1, the Food retail businesses have quite high water impacts. 
Interestingly, direct (production perspective) water use is much lower than embodied 
indirect (provision perspective) water use. The very large indirect water use is the result 
o f the large number of food related products that are sold by these businesses, where 
most of this water is extracted by the fish and fish farming sector and Agriculture. The 
majority (well over half of the total) of Agriculture’s water is from the public water 
supply (the remainder is directly abstracted), for the fish and fish farming sector most of 
the water used is directly abstracted fresh water.
The large amount of indirect GHGs are also the result o f the food products sold by these 
businesses; the most important sector where these emissions are actually emitted is from 
Agriculture. With regards to food waste, indirect emissions are also more dominant 
than direct when looking at the food retail businesses. This is due to the very large 
amount o f food products sold and their high embodied food waste emissions that arise 
upstream, predominantly in food manufacturing. For C&I waste the proportion of 
direct and indirect is more similar, but still indirect is somewhat more dominant.
It should be noted that there can sometimes be interconnections between externalities, 
for example higher direct and indirect water use by the Food retail sector requires 
energy for pumping. Such energy use can increase indirect GHGs etc. Likewise, 
reductions in Food retail water use can reduce GHGs that result from water pumping. 
Additionally, decisions around management of emissions can also have effects, e.g. a 
food retail business or government policy of waste avoidance as opposed to waste 
recycling, can effect GHGs as waste avoidance avoids the energy used in producing 
wasted material whereas recycling does not. The action chosen to deal with waste can 
therefore influence indirect GHGs attributable to a sector. When attempting to 
implement policies to reduce emissions and water uses, business and policy makers 
should consider such interaction of impacts and whether ‘win win’ type or a ‘rebound’ 
type effect can happen (e.g. an action to reduce one emission may lead to increase in 
another). Also externalities may not necessarily fall into categories originally 
considered, e.g. a policy for renewable energy such as a dam can sometimes impact fish 
stocks through impacts on fish movement and migration etc.
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Looking back at Figure 5.2 and given the general dominance and high level of indirect 
impacts across GHGs, water use and waste (to some extent) for the Food retail sector in 
Southampton, this flags up a key opportunity for business and government to develop 
strategies and policies to target reductions in provision perspective emissions and water 
use. Key to fostering engagement in siich a task is to demonstrate the likely extent of 
impacts embodied in their provision, as well as opportunities and avenues for exploring 
impact reduction. In sections 5.4 and 5.5 of this chapter, we further investigate 
emissions and water use but with more resolution to individual business and products 
and actions that could be taken to reduce emissions and water use associated with 
provision.
Given the extent of provision perspective emissions and water use attributable to 
businesses in the key reference area, we now investigate the extent to which these 
indirect emissions and water use occur near to and within the local area. For the large 
amount o f indirect water use and GHGs, some o f these will occur within Southampton 
and the South East region and so have implications for water scarcity and GHG 
mitigation within the area.
Ideally, a Southampton based EIO model would have been used, to enable one to 
examine how much of these indirect impacts occur within Southampton. However 
detailed 1-0 accounts for Southampton were not readily available and would have 
required substantial resources and time to develop. It is however, possible to get an 
approximation of the extent to which key indirect impacts such as GHGs and water use 
occur within Southampton and the surrounding area of the Southeast, by estimating 
roughly how much of these indirect emissions occur within the UK and then looking at 
key sectors (where emissions occur, higher up in the supply chain of the Food retail 
sector) and whether such sectors are present (representation) in the South East and 
Southampton. We now present results from analysis o f this issue.
From the sector level EIO modelling at the UK level, it is known that 61% of the 
indirect GHG emissions, 60% of indirect food waste and 51% of indirect water use 
attributable to food products occurs domestically. Given this situation domestically, it 
is likely that significant amounts of the indirect emissions of food retail businesses do
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occur within the UK. In order to look at whether these indirect impacts are likely to be 
occurring within the South East we now look at the top five sectors in which indirect 
GHG emissions or water use (attributable to food products) are emitted/extracted and 
the extent to which these sectors are represented in the South East. Representation of 
these sectors in the South East is understood by assessing GVA for each sector within 
the South East, as a percentage of UK sector GVA. We start by looking at the top five 
sectors for GHGs as seen in Table 5.1.
Top five sectors C losest sec tor 
in regional data
Regional % share of total UK GVA in 2004 for top  5 sectors where indirect GHGs are em istted
North East North West Yorkshire & the 
Humber Midlands
West Midlands
England
London South East % Wales Scotland NorthernIreland
1.Agriculture,
hunting and 
related service 
activities
Agriculture, 
hunting, forestry 
& fishing 2 7 8 9 9 13 1 11 15 6 13 6
2. Production, 
transm ission 
and distribution 
of electricity
Electricity, gas 
and water supply 6 8 7 8 10 8 8
15
eiectricfy.gas and 
hot water)
10 5 13 3
S.Fertiiisers and 
nitrogen
compounds
Manufacture of 
chemicals, 
chemical 
products and 
man-made fibres 21
4. Production, 
processing and 
preserving of 
m eat and meat 
nrodljcts
Manufacture of 
food products 
and beverages
8
5. Ottter land 
transport;
transport via 
Dioelines
Land transport; 
transport via 
pipelines
12
Table 5.1: Percentage share of total UK GVA for key GHG emitting sectors in the 
South East (developed from ONS 2006).
It can be seen that for the two most important sectors where indirect GHGs are emitted 
(Agriculture and production and distribution of electricity), the South East has 
reasonably high representation. In fact, for four of the five sectors, representation is 
reasonably high. The five key sectors represent 8 6 % of the GHGs attributable to food 
products domestically from sector level modelling.
We now present a similar table but for indirect water use.
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Top five sec to rs C losest sector 
in regional data
Regional % share of total UK GVA in 2004 for top 5 sec tors where indirect water use occurs
North East North West Yorkshire & the 
Humber Midlands
West Midlands
England
London South East
W e t
Wales Scotland Northern
Ireland
1. Fishing, fish 
farminq and Fishing 2 2
4 1 0 3 0 5 13 62 5
Agriculture, 
hunting and 
related service 
activities
Agriculture, 
hunting, forestry 
& fishing
2 7 8 9 9 13 1 11 15 6 13 6
2. Production, 
transm ission 
and distribution
of electricity
Electricity, gas 
and water supply 6 8 7 8 10 8 8 15
a  4% for 
electncty.gas and 
hot water)
10 5 13 3
3. Collection, 
purification and 
distribution of
Collection, 
purification and 
distribution of - - - - - -
12
- - -
4. Gas; 
distribution of 
gaseous fuels 
through mains; 
steam and hot 
water supoiv
Electricity, gas 
and water supply - - - - - 15 -
Table 5.2: Percentage share of total UK GVA for key water extracting sectors in 
the South East (developed from ONS 2006).
The top sectors where indirect water use actually occurs are Fishing and fish farming 
and Agrieulture (From UK sector level modelling Fishing and fish farming representing 
54% of domestic water use attributable to food). From Table 5.2 it can be seen that the 
South East has relatively low representation for the first category and higher 
representation for the second category. Four of the five categories have quite high 
representation in the South East and they represent 46% of the domestic indirect water 
use attributable food products from sector UK level modelling). The analysis 
demonstrates that it is likely that a non-dominant, but significant share of indirect water 
extracted, may be occurring within the Southeast.
There was a lack of disaggregated seetor GVA and employment data for 2004 for key 
sectors in Southampton. Therefore excluding utilities where employment figures are 
available, local unit data informs representation for the majority of sectors. Key sectors 
are highlighted in yellow in Table 5.3.
Agriculture Production Transport Construction Wholesale Retail Hotels & catering telecom Finance
Property
business
services
Education Health admin & 
services
Primary & 
Utilities
Measurment
Number of local units In 2004''
Employee 
estimate in 
2009'
Southampton
15 445 285 645 310 310 955 485 80 170 1,530 135 125 555
1,300
Southamption 
as a % of 
South East 0.1 1.9 0.0 2.0 2.6 1.7 2.6 2.4 2,4 3.7 1.6 2.2 2.5 1.8
Table 5.3: Sector level information for Southampton for 2004 (developed from
BERR 2004* and Hants 201F )
Data on employee jobs by sector was found for 2008. We now present this before 
drawing out the main points.
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S ec to r Sou th am p ton S ou tham p ton  % o f  all LQ SE
Agriculture and fishing <50 0% 0.04
Energy and water <100 0.1 0.18
Manufacturing 6 ,300 5.7 0.7
Construction 3 ,000 2.7 0.6
W holesale and motor trade 4 ,900 4 .5 0.62
Retailing 11,925 10.9 1.02
Hotels and catering 6 ,200 5.7 0.84
Transport 7 ,200 6.6 1.66
Post and telecom m unications 1,050 1 0.51
Financial and business services 26,950 24 .6 1.22
Computer services 1,450 1.3 0.34
Public administration 4,750 4 .4 1.03
Education 13,150 12 1.22
Health and social care 17,700 16.2 1.4
Other services 4 ,850 4.4 0.78
Total 109,500 100
Table 5.4: Employee jobs by sector Southampton 2008 and comparison of shares 
with the South East using location quotients (as seen in SQW 2011)
In can be seen in Tables 5.3 and 5.4 that the Agriculture and Fishing sectors have very 
low representation within Southampton: these are key emitting sectors for indirect 
GHGs and water use (respectively). In relation to the important utilities (energy and 
water related), it can be seen that there is some representation within Southampton 
although quite small. Disaggregation of the remaining two categories (production and 
transport) is problematic due to aggregation, but it can be seen that even for aggregated 
categories representation is not particularly high. These data suggest that only a small 
amount of indirect GHGs and water use attributable to food retail will occur within 
Southampton; mainly from utilities such as water and electricity production and 
possibly transport and manufacturing . As noted though, quite a lot o f the indirect 
impacts are however likely to be occurring within the South East.
5.2.2 Results for Hospitality in Southampton
The Focus now turns to the Hospitality sector. Figure 5.4 below provides absolute 
numbers for emissions and water use for the Hospitality sector. The darker colours 
towards the bottom are the direct, the lighter colours towards the top are the indirect 
emissions and water use.
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Direct water: 582,000 
Indirect water: 6,220,400
200000
1 8 0 0 0 0
160000
140 0 0 0
120000
o 100000
8 0 0 0 0
600 0 0
4 0 0 0 0
20000
GHGs water use C&l waste food waste
Figure 5.4: Direct and indirect GHG emissions, C&I waste, food waste and water 
use of hospitality businesses in Southampton Unitary Authority for 2004
100
GHGs w ater use C&l w a ste  fo o d  w aste
h o sp ita lity  b u s in e sse s
Figure 5.5: Percentage of direct (production perspective) and indirect (provision 
perspective) GHG emissions, water use, C&I waste, and food waste for hospitality
businesses
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In terms of waste, direct production perspective C&I and food waste are more dominant 
than provision perspective emissions. This eontrasts with the earlier result for Food 
retail and it is clear from the numbers that the sector has a much greater impaet on C&I 
and food waste arisings in Southampton. This information could be partieularly useful 
for infrastructure planners in Southampton looking for opportunities to deliver or reduce 
significant amounts of food waste going to landfill.
The findings of very high direct (production perspective) and indireet (provision 
perspective) water use by Hospitality businesses in Southampton is important; as often 
hospitality businesses are wasting as much as 50% of the direct water they eonsume 
(EA2009). Overall, the Hospitality sector is a top ten sector in terms o f UK water 
consumption. With regards to water company supplied water, it is the fourth largest 
direct consumer. This would suggest that in areas such as Southampton where the 
Hospitality seetor is very highly represented and a key part of the local economy, 
hospitality businesses are having large (produetion perspective) impacts on local and/or 
regional water eompany water supplies for the water constrained South East area. The 
South East was one of two regions in 2004 with the largest number of Hospitality 
businesses^^^ (ONS 2004).
The very large indirect (provision perspective) water use attributable to the hospitality 
businesses stated in Figure 5.4, is mainly the result o f the large amounts of embodied 
water of food and drink items that the hospitality businesses use in the provision o f their 
goods and services. Most of this water is extracted by sectors such as fishing and 
production and distribution of Electricity. It is noticeable that for both water and 
GHGs, indirect physical flows are much higher than direct flows.
The magnitude o f indirect flows is surprising for GHGs, given that GHGs occurring 
directly from electricity bought and used by hospitality (and Food retail) businesses are 
counted as direct emissions in this study. The same is true for Food retail. A large 
amount of the indireet (provision perspective) GHG flows are again embodied in food 
and drink products that the businesses provide and are emitted in sectors such as 
Production, transmission and distribution of electricity and Agriculture.
Based on local units.
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The value of viewing impacts from the provision perspective is clear from the scale of 
indirect GHG emissions and water use results. Ultimately hospitality businesses have 
choices over which types of products and services (e.g. in season vegetables and fruit) 
they supply and which suppliers they use, given this situation sustainable procurement 
actions could substantially reduce these associated impacts of their businesses. 
Businesses engagement in accounting for their indirect impacts and pursuing more 
sustainable procurement and other supply chain actions to reduce embodied impacts is 
extremely important in driving (demand led) upstream changes towards low GHGs and 
water use products and services as identified in 4.1. Much of the indirect impacts may 
be occurring in the South East and perhaps Southampton. We now investigate this by 
looking at the key emitting/ water extracting sectors, further up the supply chain from 
hospitality businesses and their representation in the South East and Southampton.
From the sector level modelling, it is known that for the UK Hospitality sector 71% of 
the indirect GHG emissions and 84% of indirect water use occur domestically. Given 
this situation domestically, it is likely that significant amounts of the indirect GHGs and 
water use attributable to Southampton Hospitality businesses will occur in the UK. In 
order to look at whether these indirect impacts are likely to be occurring within the 
South East we now look at the top five sectors in which indirect GHGs or water use are 
emitted or extracted, and the extent to which these sectors are represented in the South 
East, starting with GHGs.
T op five s e c to r s C lo se s t s e c to r  
in reg iona l d a ta
R egional % s h a re  o f to ta l UK GVA in 2004 fo r  to p  5 s e c to r s  w h e re  in d irec t G H G s a re  em itted
North E ast North W est Yorkshire & the 
Humber Midlands
W est Midlands
England
London South E ast South
W est
W ales Scotland Northern
Ireland
1. P ro d u c tio n , 
tra n sm is s io n  
a n d  d is trib u tio n  
of e lec tric ity
Electricity, g as  
and w ater supply 6 8
7 8 10 8 8 15
(1-1%/or 
electriciy.gas and
10 5 13 3
2. A gricu lture ,
hunting and 
related service 
activities
Agriculture, 
hunting, forestry 
& fishing 2 7 8 9 9 13 1 11 15 6 13 6
3. O th e r land 
tra n sp o rt;
transport via 
tjioelines
Land transport; 
transport via 
pipelines 12
4. A ir tra n sp o rt A irtransport 11
5. C oke, refined 
pe tro leum  
p ro d u c ts  a n d  
n u c lea r fuel
M anufacture of 
coke, refined 
petroleum  
products and 
nuclear fuel
8
Table 5.5: Percentage share of total UK GVA for key GHG emitting sectors in the 
South East (developed from ONS 2006).
For the top two sectors- Production and distribution of electricity and Agriculture - both 
are well represented in the South East. The two sectors represent 55% of all indirect
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domestic emissions occurring as a result of UK Hospitality purchases. Two of the other 
remaining sectors are also well represented.
For water use, key sector representation in the South East is presented in Table 5.6.
Top five s e c to r s C lo se s t s e c to r  
in reg iona l d a ta
R eg iona l % sh a re  o f to ta l UK GVA In 2004 fo r  to p  5 s e c to r s  w here  Ind irec t w a te r  u se  o c c u rs
North E ast North W est Yorkshire & the 
Humber
East
Midlands
W est Midlands
England
London South E ast South
W est
W ales Scotland Northern
Ireland
1. F ish ing , fish 
farming and 
related service 
activities
Fishing - - - - - 5 - - -
2. P ro d u c tio n , 
t ra n sm is s io n  
a n d  d is trib u tio n  
of e lec tric ity
Electricity, g as  
and w ater supply
6 8 7 8 10 8 8 15
(N% for 
electriciy.gas and 
hot water)
10 5 13 3
3. G as; 
distribution of 
g a se o u s  fuels 
through mains; 
s team  and  hot 
w ater supplv
Electricity, g a s  
and w ater supply 6 8 7 8 10 8 8 15 10 5 13 3
4. C ollection , 
purification  and  
d is trib u tio n  of
Collection, 
purification and 
distribution of
12
5. A gricu lture , 
hunting and 
related service 
activities
Agriculture, 
hunting, forestry 
& fishing
2 7 8 g 9 13 1 11 15 6 13 6
Table 5.6 Percentage share of total UK GVA for key water extracting sectors in the
South East (developed from ONS 2006).
The top sector Fishing, fish farming and related service activities, appears to have low 
representation in the South East. At the national level, the sector represents 74% of 
total domestic water (extracted) that is attributable to Hospitality. The remaining 
sectors have reasonable to good representation in the South East but only account for 
18% of domestic water use attributable to Hospitality. Therefore most o f the indirect 
water used is likely to be extracted outside of the South East. This is a somewhat 
different result to results for Food retail, seen earlier in section 5.2.1.
Focus now turns to look at whether indirect GHGs or water use are emitted (GHGs) or 
extracted (water) within Southampton. We refer back to Tables 5.3 and 5.4 presented 
earlier. It can be seen in these tables that there is a small amount of representation for 
utilities which include Production and distribution of electricity as well as those utilities 
related to water, low or no representation is apparent for other key sectors in 
Southampton. From this, it can be concluded that a portion of the indirect GHGs may 
be emitted in Southampton as well as perhaps a level of water use, but not substantially.
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5.2.3 Policy uses and results
Absolute values of Hospitality direct and indirect GHGs are very similar values to those 
of the Food retail businesses in Southampton as seen in Figures 5.1 and 5.4. For both 
sectors, indirect emissions were much more dominant and it is clear that a significant 
portion of these are likely to occur within the South East. Therefore, a focus on 
reducing these sectors indirect GHG emissions could have impacts on regional GHG 
production. Such a finding is useful for government in meeting UK and regional GHG 
reduction targets. The extent to which such indirect emissions may be emitted within 
Southampton is low, this is a useful finding for local policy makers attempting ‘demand 
pulF strategy (e.g. sustainable procurement) to reduce local GHGs.
In terms of meeting UK and local production perspective GHG targets, the jurisdiction 
issue is very important. From an environmental perspective however, it does not 
matter where the GHGs are emitted. South East, UK, or abroad, the climate change 
impact will be the same. With a focus on indirect emissions, and not just UK based 
indirect emissions, there is potential for UK business actions such as sustainable 
procurement to influence and drive change and GHG abatement elsewhere in the world, 
even in countries that do not have strong climate change policy as in the UK. Given 
that GHGs are a global pollutant, such influence by UK business can actually be very 
important. A number of authors in the literature cite influence o f businesses through 
their supply chains as important in driving standards elsewhere in the world (Kovacs 
2008 and White 2007). Taking a more worldwide view and approach to the issue of 
GHGs could actually in some ways create more of a level ‘playing field’ in terms o f not 
only UK upstream providers but also foreign upstream providers being influenced to 
drive changes as a result o f demands by UK Hospitality/Food retail sector customers. 
This could therefore reduce potential for competitiveness disadvantages to UK 
providers that may result from change driven by Hospitality and Food retail 
procurement and provision.
We now discuss policy implications for waste. The absolute levels o f C&l and food 
waste (total direct and indirect) for Hospitality businesses in Southampton are similar to 
those from Food retail businesses in Southampton. Direct impacts are, however, more 
dominant for Hospitality whereas indirect are more dominant for Food retail. Based on
234
this, local policy makers may prefer to focus efforts on the Hospitality sector in order to 
reduce waste arisings for the local authority, or to divert waste from landfill in and 
around Southampton. For indirect (provision perspective) waste. Food retail has larger 
impacts than Hospitality. Scope for influencing actions of upstream producers through 
sustainable procurement (or provision) could be a useful driver for generating changes 
‘upstream’ that could lead to avoidance of this waste. For waste streams such as Food 
waste, most of the indirect emissions are emitted in Food manufacturing sectors, which 
are not very prevalent in Southampton or the South East. Therefore, from a local 
perspective, sustainable procurement action (or other supply chain actions) may not 
actually reduce local waste arisings, but may have significant influence in other regions 
such as the North East, where much of the UKs Food manufacturing takes place.
For water use, the Hospitality sector has a much higher direct component than does 
Food retail in absolute terms. Therefore, for local policy makers concerned with water 
use (as well as C&l and food waste) in Southampton, the Hospitality sector would be a 
good focus for attention when wanting to reduce local water extracted - especially given 
the high water wastage rates earlier reported.
Indirect water use however, was however more dominant than direct use for both 
sectors (compared to direct). When it comes to the question of whether indirect water 
use is extracted within Southampton and the South East, for Food retail indirect impacts 
are much more likely to be occur within the South East than they are for the Hospitality 
sector. Additionally, the Food Retail sector’s indirect water use was much larger than 
the Hospitality sector. Therefore a focus and strategy on engaging with Southampton 
food retailers to encourage them to look at sustainable procurement or choice editing in 
terms of lower embodied water of products they sell could potentially be quite a fruitful 
route for reducing water extraction within the South East, as well as other parts of the 
country. Therefore, if  local government wants to reduce water use locally and in the 
South East, they should focus on direct water use for Hospitality, but indirect for Food 
retail in Southampton. Both avenues could have significant impact.
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5.3 Emissions and water use in local areas of Southampton
CLARE is now used to look in more detail at postcode districts and postcode sectors of 
Southampton for the case study of hospitality businesses. Figure 5.4 identifies the 
different postcode districts of Southampton.
S051
S053 !
S052
S050
S01B
SOI
801'
SO30
80198040 8014
P015
8031
Fareham-^
P014
SQ45
Figure 5.4: Postcode districts of Southampton Unitary Authority and the
surrounding areas^ ^^
The postcode districts SO 14 - SO 19 are within Southampton Unitary Authority. The 
postcode districts, SO 14 and SO 17 appear the smallest geographically, while SO 16 is 
the largest, followed by SO 15 and SO 19. Figure 5.5 now identifies the direct and 
indirect emissions and water use by hospitality businesses in these postcode districts.
Supplied by Dr Christine Thomas of the Open University.
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Figure 5.5: Hospitality business direct and indirect GHG emissions, C&I waste, 
food waste and water use in the postcode districts of Southampton Unitary
Authority
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It can be seen in Figure 5.5 that there are very large differences in Hospitality 
businesses emissions and water uses in the different postcode districts. The two 
postcode areas that consistently come out much higher for all emissions and water use 
are SO 14 and SO I5. Emissions and water use of SO 16 are also quite high. It should 
be noted that geographically, SO 14 is one of the smallest areas. Postcode district SO 15 
is a somewhat larger area geographically but not the largest (see Figure 5.4). Postcode 
district SO 14 includes the City Centre area. In terms of the number of businesses 
present in these areas, Table 5.7 below identifies the number o f hospitality businesses 
present in each postcode district for the various emissions and water uses presented in 
Figure 5.5.
P o stc o d e  districit Num ber o f  hosp itality  b u s in e s s e s
S 0 1 4 193
S 015 192
S016 71
S 0 1 7 35
S 0 1 8 58
S 0 1 9 63
Table 5.7: Number of hospitality businesses in each postcode district.
The two top districts in Figure 5.5 in terms of contributions of emissions and water use, 
are the postcode districts with the largest numbers of Hospitality businesses (SO 14 and 
SOI 5). District SO 16 has a lower number o f businesses.
Importantly, we now provide some comment in relation to the sectors and types of 
business (e.g. whether SMBs etc) that are driving emissions and water use in the three 
different areas. Due to potential for disclosure issues, ONS asked that detailed tables by 
sub sector would not be presented^^"^. Therefore text for a descriptive account was 
agreed with ONS and is now provided.
For SO 14, the top contributing sector is the restaurants sector (SIC 55.3), followed by a 
reasonably strong contribution from bars (55.4). Catering and canteens also provide a 
significant contribution but much lower than Bars. In terms of the size o f businesses 
driving emissions/water use in each sector, 40 -  50% (depending on whether direct or 
indirect and whether C&I waste, GHGs or water use etc) o f the contribution for the 
postcode districts, come from businesses with above 26 employees. In terms of size of 
businesses in key sectors, for Restaurants a majority of the contribution is from small
Steve bond o f ONS specified this by email on 13.03.2012.
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businesses (less than 26 employees). A strong contribution is also provided by medium 
sized businesses (employee size band 26 -100). A similar business size pattern is 
apparent for the Bars sector. For the Catering and canteens sector however, the 
majority contribution is from larger businesses ( 1 0 0 + employees).
In district SO 15, the top contributing sector is the restaurants sector, again followed by 
the Hotels or Bars sector, depending on which emission or water use is being looked at 
and whether direct or indirect. Catering and canteens provide a very small contribution. 
Depending on whether direct or indirect and whether C&I waste, GHGs or water use 
etc, roughly 50 -  60% of the contribution for the districts comes from businesses in 
employee size bands above 26 employees. For restaurants, roughly half o f the 
contribution is from small businesses (less than 26 employees) and half from medium 
sized businesses (26 -100 employees). For the Hotels sector, the dominant contribution 
is from medium and larger sized businesses (businesses with more than 50 employees). 
For the Bars sector, the dominant contribution is from small businesses (up to 26 
employees). A strong contribution is also made from medium sized businesses (26-100 
employees).
In district SO 16, the dominant contribution is again Restaurants, followed by Hotels 
and then a small contribution from Bars. In terms of business size contributions, 60 -  
80% (depending on whether direct or indirect and whether C&I waste, GHGs or water 
use etc) of contribution to the district, comes from businesses in employee size bands 
above 26 employees. Contributions from restaurants are dominantly from medium size 
businesses (26 to 100 employees), whereas contributions from Bars is all from small 
businesses (up to 26 employees), contributions from Hotels are dominantly larger 
businesses ( 1 0 0  or more employees).
In terms of overall contribution from small businesses (less than 26 employees), in both 
S014, S015 and S016, these made up the vast majority of businesses and contributed 
substantially to emissions and water use - particularly in SO 14 and SO I5.
From looking in detail at individual business contributions, short stay accommodation 
did not have a large or dominant contribution in any o f the areas. This is the sector
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where Bed and breakfast accommodation is located. Representation of such businesses 
in the postcode districts o f the BSD for Southampton was low; probably as such 
businesses are often located in households, as well as being very small. The BSD does 
however, in general pick up on even the smallest of business looked at in the other 
sectors. Businesses in the sector Camping and short stay accommodation makes up 5% 
of all UK Hospitality output and nationally. Although the BSD has extensive coverage, 
covering 99% of all UK output or above, the lower representation of B&B businesses in 
the BSD is a limitation of the database and this should be considered in future use of 
this database. However, it should also be realised that this is the most comprehensive 
database available.
In order to show the detail and resolution that CLARE can achieve for a given area, one 
of the postcode districts (SO 14) is now analysed. We focus on food waste for the area, 
due to current UK emphasis on developing infrastructure to deal with this waste stream 
through anaerobic digestion^^^, as well as the clear lack of detailed reporting o f this 
waste stream.
5.3.1 Hospitality food waste in postcode sectors of postcode district: S014
The food waste of hospitality businesses within different postcode sectors of the 
postcode district SO 14 is provided in Figure 5.6.
155
Resource Recovery Fomm (2010) stated that the coalition agreement committed the Government to "measures to promote a 
huge increase in energy from waste through anaerobic digestion."
(as seen in the Resource Recovery Forum weekly information news service 2010).
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Figure 5.6: Hospitality business direct and indirect food waste of postcode sectors
of postcode district S014
It can be seen that food waste varies by different postcode sectors, based on the 
benchmark estimates produced for each area in Figure 5.6. The postcode sector S0147 
comes out highest for hospitality business food waste, then SO 143 and SO 142. The 
primary driver for the high food waste figures in SO 147 was primarily SME restaurant 
businesses - contributing roughly half. Bars and canteens contributed an equal amount 
for the remaining share. In SO 143, the main contributing sector was very dominantly 
restaurant businesses, with a small contribution by Bars (businesses generally had less 
than 50 employees). In SO 142, a dominant contribution was from Bars (about half of 
the emissions). Restaurants was also an important contributor. Contributions were 
primarily from small (less than 26 employees) and medium sized (26-100 employees) 
businesses.
Policy makers may want to identify the exact location of relevant businesses within an 
area (e.g. SO 14) when planning, prioritising or targeting engagement and support and 
infrastructure with businesses as discussed in Chapter 1.
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Viewing waste tonnages and analysis of individual businesses by exact location would 
only be possible within the secure environment that ONS provide. One can, however, 
provide an example of the type of analysis that can be conducted to identify the location 
of the relevant businesses in a waste intensive area such as SO 14 using Google maps (or 
some other similar tool), by inputting the postcode district and the type of business of 
concern. This has been performed below for restaurant businesses in postcode district 
S014. Figure 5.7 identifies the results of this search.
MATERIAL REDACTED AT REQUEST OF UNIVERSITY
Figure 5.7: Restaurant business located in postcode district S014
Business location by street map information, used in conjunction with CLARE-direct
(in the vml lab), could be particularly useful to businesses, government and NGOs that
wish to organise collective planning and management and economic assessment of
alternative actions for a given waste stream (such as food waste) for an area. For
example, it would help assess and pick a food waste collection route and its cost given
an expected volume of food waste to be treated by anaerobic digestion. Distances and
tonnages could be used from CLARE and map information in conjunction with other
data, such as miles per gallon information, fuel costs and changing technology/waste
management performance information, to assess the technical and economic feasibility
of a waste management scheme. Given that CLARE-direct is able to look at changing
tonnages with changing geographic scale, the model could also feed in information for
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assessing the changing economics of waste management at different scales. This would 
allow one to provide physical and economic benchmarking of different options. It 
would also be possible to link in detailed analysis of household waste streams, such as 
food waste, using a model known as LARA (Druckman et al ,2008a) if one so wished. 
See Bradley et al (2009) for an assessment of household food waste in Hampshire using 
this model. Within the ONS secure environment, the use of the model is not limited by 
disclosure.
Beyond such waste diversion projects, such detailed mapping of emissions and water 
use in this way could also be used to develop and assess projects with third parties such 
as local enterprise partnerships to implement profitable resource efficiency at scale, as 
discussed towards the end of Chapter 1. Other government uses include identifying and 
prioritising resource efficiency support for individual businesses using a ‘one to many’ 
type o f approach as discussed in Chapter 1. The detailed emissions and water use 
mapping can also be used to prioritise and target engagement and awareness raising of 
the importance of businesses environmental reporting.
The next sections 5.4 and 5.5, demonstrate the resolution of estimation possible for 
individual businesses with CLARE.
5.4 Emissions and water use of businesses
In this section, the resolution possible when viewing hospitality and food retail 
businesses using CLARE is demonstrated for different business types. Business types 
are businesses classified at the most detailed five digit SIC codes. We present some 
results for these different business types, by looking at emissions and water use profiles 
for typical individual businesses with 10 employees, in Figure 5.8. Please note that 
these are not actual existing businesses, as revealing information on individual 
businesses would be disclosive and is not conducted at any point in this thesis. Instead, 
estimates are for scenario businesses that demonstrate the typical profile o f emissions 
and water use that CLARE would allocate to businesses (of a given type) given a certain
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number of employees ( 1 0  here) and a business type described by their five digit 
standard industrial code^^^.
actual fact, to present data on less than 10 businesses would be classed as disclosive and is therefore not conducted at any 
point in this dissertation.
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From Figure 5.8, it can be seen that different businesses can have quite different 
emissions impacts. In the example the business meat retail has the highest GHGs and 
C&I waste impacts. It is noticeable that the impacts are mainly embodied indirect 
impacts. Therefore, the focus for these businesses should very much be on assessing 
how they can reduce their indirect impacts, through more sustainable procurement or 
other mechanisms to “shape” upstream suppliers. It should be realised that beyond 
GHGs and C&I waste, issues such as animal welfare should be considered when 
attempting to reduce the indirect GHGs and C&I waste embodied in the products that 
businesses sell. It is noticeable that compared to other businesses. Retail o f tobacco 
businesses have comparatively low impacts compared to other business types. It should 
however, be realised that emissions and water use impacts may change if  looking at 
larger businesses with say 25, 100 or 250 employees.
We now focus on the same businesses, but look at direct and indirect water use 
benchmarks in Figure 5.9.
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In Figure 5.9, it can be seen that indirect water use is much larger than direct water 
use for all businesses, consistent with findings at the unitary authority level. The 
business with by far the largest (indirect) water use however, is the retail business 
selling fish and shellfish. This is as a result o f water (abstracted or from water supply 
companies) used to produce as well as process fish and shellfish products, sold by the 
business. It is also useful to note that indirect water use o f Retail fruit and veg. as 
well as Other retail (food, beverages and tobacco, specialised) businesses have 
comparatively high indirect water use requirements for the provision o f their products.
The business type level is the limit of resolution possible with which to view 
emissions and water use (using CLARE) for hospitality businesses. For food retail 
however, it was possible to identify the indirect emissions and water use benchmarks 
for individual product types o f each business. It was not possible to look at direct 
emissions at a product level, as estimation was not conducted at the level of product 
but business turnover (as seen in section 3.7 of Chapter 3).
5.5 Indirect emissions and water use of products
This section investigates the indirect (provision perspective) emissions and water use 
embodied in various products o f each Food retail business. Such information can be 
very useful for Food retail businesses and policy makers in knowing which products 
embody most indirect impacts and have potential for targeting of sustainable 
procurement and choice editing in local areas. For the various business types under 
this sector, the typical emissions and water use embodied in the different products of 
each business type are identified. The selected businesses for which this is 
demonstrated are those of the previous section (small businesses presented in Figure 
5.9), excluding those classified as hospitality. If one wanted to view the typical 
emissions embodied in the products o f larger Food retail businesses, then this is 
possible. Emissions and water use embodied in different products of relevant 
business types are shown in Figures 5.10, 5.11, 5.12 and 5.13 of this section. It 
should be noted that, in a number of cases, product sales per employee data for 
businesses had to be aggregated across employees size bands of the detailed sectors to 
increase the number o f observations underlying mean product sales per employee
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values. This aggregation process has potential to increase uncertainty associated with 
emissions and water use estimates presented.
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It should be noted that values in Figure 5.10 are absolutes. From Figure 5.10 it can 
be seen that meat products of the business retail o f meat and meat products, embody 
most indirect GHGs of all products sold by various businesses. Interestingly, 
businesses classified as other retail (of food, beverages and tobacco specialised) have 
a lot of GHGs embodied in the dairy products they sell. This is because one o f the 
two forms of businesses in this business category are businesses specialising in dairy 
produce, eggs and edible oils and fats. Embodied GHGs are also high for fish and 
shellfish products sold by businesses specialising in retail o f fish, crustaceans and 
molluscs. A number o f other products (of various businesses) such as bakery 
products, alcoholic drinks, fruit and vegetables also embody quite high indirect 
GHGs.
When engaging with such businesses on their environmental impacts, such product 
level information can be very useful in providing a business specific guide on which 
of their product types are likely to embody most indirect GHGs and therefore 
potentially the most advantageous opportunities for sustainable procurement, choice 
editing and other actions that can reduce a business’s supply chain impacts. Local 
government may also look to work with businesses of a sector within a city or local 
area to develop targets towards more sustainable procurement for the products. As 
identified in section 5.2.3 for the food retail sector, this strategy could significantly 
reduce water use in the South East.
We now look at C&l waste embodied in products of food retail.
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For C&I waste embodied in products, it is clear that a number of products come out 
high. Meat products (of specialist meat retailers) have the highest embodied C&I 
waste of the various food and drinks (and tobacco) related products. Interestingly, 
bakery (and cereals) and alcoholic drinks products of relevant specialist businesses 
(Retail of alcoholic and non alcoholic beverages etc), have high amounts of embodied 
C&l waste. Dairy and fruit and veg. products (of fruit and veg. businesses and other 
retail of food and beverages and tobacco specialised businesses) also come out quite 
high in terms of embodied C&l waste. Such information can be useful in engaging 
and raising awareness on the impact that the provision o f their products is likely to 
have on upstream C&l waste arisings.
Food waste is now looked at for the various products for these same businesses.
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From Figure 5.12, it can be seen that meat products sold by specialised meat retail 
stores (e.g. butchers) is dominantly the product with the highest embodied indirect 
food waste of all products sold by various businesses. This result should be treated 
with some caution as, the data available to aid the disaggregation of food waste 
between sub sectors of the Food and drinks sector in modelling indirect emissions was 
not as robust as would have been liked.
Indirect water use o f products is now assessed.
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One product that comes out high in terms of indirect water use, across many businesses 
types are fish and shellfish products. This is the result of the large amount of (water 
industry supplied or abstracted) water use in fish farming, not so much in food 
manufacturing of the product. This shows that the high indirect water use of different 
food retail business types in Figure 5.9, is often the result o f sales o f fish and shellfish 
products of each business (and not only fish and shellfish retail businesses). It should 
be noted that nearly all o f the water associated with fish farming, is water that is directly 
abstracted as opposed to mains water, industry supplied. This should be taken into 
account when assessing human and environmental welfare impacts. Other products that 
are high in terms of embodied indirect water use are fruit and veg. products (sold by 
specialist fruit and veg. retail businesses). Quite a lot of indirect water use is also 
embodied in meat and bakery products, sold by the relevant specialist stores.
Such information is useful for businesses that wish to identify and prioritise the 
products that they provide, that are likely to embody most water use and hence can 
potentially be the first step in prioritising supply chain related actions to reduce water 
embodied in their provision. Policy makers may use such information, to make 
businesses aware of the extent of water use likely to be embodied in their products. 
This can start a dialogue and a step by step process to acquiring better information and 
discussion with the business on the likely levels of water use embodied in their 
products, and what actions or moves via choice editing or sustainable procurement (or 
discussion with suppliers) might move the business towards supplying fish products 
with lower levels of embodied water use. For example, a business might promote more 
sustainable alternatives such as mackerel, which are generally a more plentiful fish than 
some other species such as cod (although fisheries vary by location as seen in Marine 
Conservation Society 2012), but also with perhaps lower embodied fresh water use than 
some inland farmed species, such as trout. There can also be different health benefits 
associated with such oily fish (high in omega 3) as mackerel also have less accumulated 
pollutants than endangered species such as yellow fin tuna low, partly due to these 
larger species being higher up the food chain (Institute for Optimal Nutrition 2010). 
Alternatively, the business might look to ensure that the producer o f trout for example, 
is not located in a water scarce area, or if  they are, what their mains/abstracted water use 
is, and what measures could be cost effectively implemented to reduce water use. Such
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combined consideration of impacts in this form with results from CLARE, can help 
move businesses towards promoting more sustainable choice which can lead to both 
more sustainable consumption and sustainable production, with businesses leading 
action.
Policy makers may wish to highlight the importance of water use embodied in fish 
products alongside other issues such as fish scarcity and fishing methods, when in 
dialogue with sectors and businesses about promoting sustainable consumption, 
sustainable procurement and choice editing.
The latter analysis of products of individual businesses shows the limit of resolution 
with which it is possible to view benchmarks of environmental impacts o f businesses 
using CLARE, product types for individual business postcodes. This is however, a 
great improvement on the previous framework of King and Tsagatakis (2006), where 
the highest resolution (excluding large businesses) with which businesses’ 
environmental impacts could be viewed was at the 1 km grid level and for only direct 
CO2 emissions. Now that the ability to look at business direct and indirect emissions 
and water use at various levels of resolution has been demonstrated, as well as the full 
extent of spatial extension generated by CLARE, the ability to develop targets for 
emissions reduction at various levels of resolution and detail is demonstrated. This 
addresses the ‘pilot targets’ research question (6 ).
5.6 Emissions targets for Southampton at different scales
This sub section now presents a set of targets for hospitality businesses and food retail 
products in Southampton. The targets developed are for C&I waste and food waste^^^. 
The waste targets were developed by applying and aligning national targets to specific 
areas and individual businesses. For C&I waste, a national level target was set to 
reduce landfill o f C&I waste by 20% for 2010 based on a 2004 base line (Defra 2007). 
So twenty percent reductions were calculated from earlier (2004) waste estimations in 
sections 5.1, 5.2, 5.3, 5.4 and 5.5. These twenty percent reductions are presented at 
various scales in Figure 5.14. The work illustrates how CLARE can produce targets in
157 C&I waste targets were developed as the baseline year for waste targets is 2004, and this matches the year that emissions and 
water use estimates were produced in this study.
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terms of actual absolute emissions levels, rather than just as percentages for both direct 
and indirect components.
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Figure 5.14: Hospitality business direct and indirect (pilot) C&I waste and food 
waste reduction targets for Southampton Unitary Authority, postcode districts, 
postcode sectors and individual business and products.
Figure 5.14 demonstrates the ability to produce pilot C&I waste reduction targets for 
hospitality businesses in Southampton at various spatial levels and the ability to develop 
product specific targets for food retail business. Any actual targets developed for an 
area, business or product should be developed in conjunction with the businesses of 
concern. The production of these pilot C&l waste targets is an important contribution, 
as these pilot targets could be used by government or a business community to produce 
a benchmark from which to develop a dialogue and engage all local business on the 
level of C&I waste target that they could strive to actually apply. This was one of the
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applications identified for CLARE in Figure 1.1 of Chapter 1 and of use for government 
in engaging with business on impact reduction. This assumes that targets are seen as a 
good way to prompt reductions in C&I waste (or GHGs and water use). If 
development of targets for business and products in an area does occur, then a given 
group of businesses could assesses what percentage of a reduction target can be 
delivered through waste avoidance, instead of just diverting waste from landfill^ 
Government policy tends to focus more heavily on waste diversion than waste 
avoidance. Environmental gains (and potentially economic) are however, generally 
higher from waste avoidance. Once businesses and government decide how much 
waste can be avoided, the next step would be to assess how much of a given waste 
stream (e.g. food waste) could be collected from businesses in the local area for joint 
treatment (e.g. anaerobic digestion) or resource efficiency at scale, as discussed in 
Chapter 1. For such tasks, CLARE-direct could be a very suitable tool to aid 
assessment and engagement in various business community resource efficiency, and 
waste opportunities and strategies at various scales; in conjunction third parties 
(government, NGOs or local enterprise partnerships etc).
In relation to indirect emissions o f products, local government may also look to engage 
in dialogue and work with businesses of a sector within a city or local area to developed 
targets towards more sustainable provision in relation to key products.
5.7 Discussions and conclusions
In the literature review (Chapter 2) it was shown that gaps in the literature exist with 
regards to data and methods available to generate highly detailed, but yet efficient 
business emissions and water use estimates with full coverage o f businesses in an area. 
The most detailed level at which previous models (King and Tsagatakis 2006) were able 
to estimate GHGs for all (or most) businesses of a sector and area was for 1km grids 
and crucially (due to their magnitude compared with direct), indirect emissions and 
water use estimates were omitted. Gaps were also identified with regards to business 
coverage and spatial extension using EIO frameworks.
Although speculative, this may be due to the lack o f  emissions benchmark knowledge at the individual business level and 
therefore a laek o f ability to monitor progress o f  waste avoidance polieies for businesses. It is also difficult for government to 
know how much businesses can actually reduce waste beyond their current efforts.
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This chapter demonstrates how CLARE can be applied to estimate emissions and water 
use at varying scales, allowing one to look at the micro and macro level. The ability for 
efficient estimation for all (or most) businesses of a sector down to as detailed a level as 
individual product types by business was presented^^^. This was possible, because 
CLARE does not require business to come forward with information; instead regularly 
produced detailed business datasets are used in conjunction with methods and data 
presented in Chapter 3. This resulted in spatial extension of current direct (King and 
Tsagatakis 2006) and indirect models (Jackson et al 2006, Bradley et al 2006, 2007) as 
well as a focus on business and products as opposed to sectors in the case of the latter 
models. The level of resolution, focus and coverage achieved generates the opportunity 
to look at businesses and applications relating to businesses as discussed in Chapter 1.
The approach is able to produce direct and indirect emissions and water use estimates 
across businesses and areas (from the same or different sectors and locations) on a 
comparable basis using consistent data and methods as well as consistent system 
boundaries, with a transparent approach. This is consistent with Foran et al (2005)’s 
multi scale reporting concept and consequently addresses many of the issues found in 
the business reporting literature. The emissions and water use estimates can be used as 
benchmarks and act as a Tever’ to the acknowledgment of impact and therefore 
encourage reporting and action in local areas. A limitation of the approach is that it 
does not directly involve each individual business in the emissions estimation process. 
Yet to take such an approach would require significant time and effort from business 
and restrict estimation to small numbers of businesses in an area. Such an approach 
would require significant additional resources, and make the research question 
unachievable. A result is that the framework cannot specifically identify if  a businesses 
is efficient versus inefficient, but it can identify likely emissions and water use o f each 
business and where emissions and water use are to be highest based on mapping o f 
likely impacts of each business, based on its employee size band and type. For the 
business engagement, planning and strategy applications described in Chapter 1, the 
approach is sufficient; an alternative very detailed, time intensive and involving 
approaches with businesses is not required and could actually hinder and put off
Indirect emissions and water use o f  food retail businesses.
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businesses from engagement. Time and cost effectiveness considerations are also 
essential for government.
The ‘framework development’ research question (1) is answered by demonstrations 
provided in this chapter, we estimated emissions for all relevant businesses registered in 
the BSD for Southampton and the BSD is said to cover 99% of all UK output. It should 
however, be acknowledged that a small amount of total hospitality output (and 
emissions and water use) for the area was not registered and picked up for some B&Bs 
businesses operating in households. This is acknowledged as a limitation of using BSD 
data for the particular sub sector, but it should be realised that the BSD is the most 
comprehensive business database currently available, and when used with CLARE, still 
largely provides the ability for business prioritisation, engagement, strategy and 
infrastructure planning and prioritisation.
A limitation of not directlv developing estimates with businesses time and exertion, is 
that a common sectoral multiplier was used for estimating indirect impacts of 
businesses. This is more o f a problem for Hospitality businesses (less for food retail as 
detailed business sales information was incorporated in estimation). Ideally the 
common multiplier would not have been applied, as some businesses may have 
purchasing patterns which are more or less environmentally efficient and our analysis 
does not directlv pick up on this and in the case of food retail only allows a broad likely 
prioritisation of key products for that business. To capture actual purchase patterns for 
each business would require consultation with each business. CLARE-indirect 
however, still allows an estimate of a business’s likely indirect supply chain impacts, 
with absolute figures estimated for the business. As discussed, this can help educate 
and engage businesses and start a dialogue on their potential impacts and move and 
them ‘step by step’ towards attaining better information and prioritisation of 
environmental impacts and action and in some cases focusing on products (Food retail) 
for further investigation and reporting.
In attempting to address the ‘framework accounting’ and ‘infrastructure planning and 
prioritisation’ research questions (2 and 5), the following discussion identifies what 
exactly the application of CLARE has told us about GHGs, water use and waste arisings
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for business in Southampton at various scales (local authority, postcode district, 
postcode sector, individual business and individual product) and how various planning 
and prioritisation activities can make use of such estimates.
For food retail, direct water use was far lower than direct water use o f Hospitality so 
from this the Hospitality sector should be the key focus for policy makers wanting to 
reduce water use locally within Southampton. When looking at Hospitality in 
Southampton, it was found that in general hospitality businesses tend to be extremely 
water intensive and at the same time water wasteful. The fact that Hospitality is the 4* 
highest sector in terms o f the number of b u s in e s s e s in  Southampton (ONS 2004) and 
that the sector is nationally the fourth highest direct (sector) consumer of water 
(potable) supplied by water companies^^^ makes these businesses very important to 
water use in Southampton.
For indirect water use however. Food retail water use was over double the indirect 
contribution of the Hospitality sector and indirect water use was a lot larger than direct 
water use for both sectors. From further analysis of key sector representation, it was 
found that a good proportion of this Food retail indirect water is likely to be extracted 
within the South East and so is likely to have consequence for water resources o f local 
areas such as Southampton. Therefore policy makers should focus on these businesses 
to reduce indirect water use, potential through changes in provision of key products 
embodying high amounts of water.
With Hospitality sector indirect water use however, much of this water is likely to be 
extracted outside Southampton and outside the South East. With this being the case, 
policy makers wanting to reduce local or regional water use should not focus on 
Southampton hospitality business indirect (provision perspective) water use. Taking a 
less regional and more global outlook, focusing on food retail businesses ability to 
influence (provision perspective) upstream suppliers water use may significantly reduce 
water use reductions nationally and globally. It should be realized that for both
160 , , local unit
Defra water supply and abstraction England and Wales, data sent by (Harris 2010).
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hospitality and food retail businesses in Southampton, over 85% of the total water use 
and GHG emissions occurred indirectly.
Levels of total GHG emissions (direct and indirect) for the Food retail sector and 
Hospitality sector in Southampton were similar, roughly around 160,000 (tonnes). For 
the large amount of the indirect provision perspective emissions, a large proportion of 
these are emitted domestically, and representation of key emitting sectors in the South 
East was found to be reasonably high, representation in Southampton was low. There 
was some representation in a few key sectors for Southampton, though lower. This 
signals to local policy makers that focusing on Hospitality and Food retail sectors 
indirect emissions is likely to have significant effect on achieving regional and national 
targets for UK GHGs reduction, and could be a fruitful path to pursue. Promoting, or 
even having targets for actions in these businesses via actions such as sustainable 
procurement, choice editing and other supply chain related actions could lead to reduced 
GHGs in the UK.
For C&I and food waste, over 55% of total Hospitality emissions come from direct 
emissions. So clearly for hospitality business waste in Southampton, taking a 
production based perspective is important in dealing with local waste issues. For Food 
retail indirect emissions were however more dominant, particularly for food waste. So a 
focus on indirect emissions is important for these businesses, although unlikely to affect 
waste arisings in Southampton as discussed earlier in the chapter. Overall levels (direct 
and indirect) o f C&I waste in Southampton were similar (around 50,000 tonnes for C&I 
waste, and just above 1 0 , 0 0 0  tonnes for food waste) for hospitality and retail businesses. 
These figures could be used to help inform local waste management, for example in 
trying to estimate the total amount of food waste directly available from each sector in 
Southampton for large scale anaerobic digestion (roughly 10,000 tonnes when summed 
for both sectors).
Moving beyond Southampton, more detailed emissions and water use estimates were 
developed for postcode districts and postcode sectors o f Southampton. The work 
demonstrated that emissions and water use estimates vary quite substantially in different 
postcode districts and postcode sectors. The ability to prioritise areas based on
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business GHGs, waste, or water use (by postcode) was demonstrated by this work for 
hospitality businesses. The postcode districts SO 14 and SO 15 came out high for GHGs, 
waste and water use. Emissions and water use in each district varied depending on the 
number of businesses, their size and the mix of businesses (i.e. their sector). Hospitality 
sectors such as Restaurants, Bars and Hotels played a key role in driving emissions and 
water use in the most important districts (SO 14, SO 14 and SO 16), it was also clear that 
small (0-26 employees) and medium (26 to 1 0 0 ) employees accounted for the majority 
of emissions and water use overall, but that in districts such as SO 16 larger businesses 
( 1 0 0  employees +) also played a key role.
The ability to prioritise areas (such as SO 14) and link results from CLARE with other 
tools such as Google maps was also demonstrated. This allows mapping of all relevant 
business in the prioritised area. If Google maps did not exist, one could just overlay 
individual business postcode data onto a map data and this would actually be preferred 
as mapping of waste tonnages as opposed to just business would be possible. The use 
of map information in this way, demonstrated that other information can be consistently 
applied in conjunction with CLARE to plan infrastructure and assess the technological 
and economic feasibility of various waste management technologies and strategies at 
different scales. Defra Waste Evidence Strategy 2007-2011 (Defra 2007b) call for such 
analysis and this research highlights how such analysis could be efficiently conducted. 
The use of CLARE-direct in conjunction with map information also demonstrates 
potential for the CLARE model to provide some of the properties o f a ‘Material flow 
mapping system’ as called for by Peter Jones of LWaRB. Such detailed mapping 
capabilities can also be used in prioritising the ‘one to many’ support in resource 
efficiency support or in targeting business engagement with environmental accounting 
and reporting. Additional applications of detailed mapping o f business emissions can 
be used to help assess and implement resource efficiency at scale as part of a local 
enterprise partnership for those businesses where profitability from resource efficiency 
may be possible. These sorts of government support and collaborative applications 
were discussed towards the end of Chapter 1.
At the most detailed level, it is possible to use CLARE to assess, compare and prioritise 
individual businesses and their products in a ‘step by step’ process as discussed towards
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the end of Chapter 1. This was demonstrated in section 5.4 and 5.5. Only a sub set of 
businesses for the various business types were examined (typical small businesses with 
1 0  employees), no mapping of actual businesses with tonnages of emissions and water 
use to specific locations was presented. Attempting to take data such as this on 
individual businesses outside the secure environment provided by ONS would be 
disclosive. This implies that government or other authorised parties would need to 
lead engagement with individual business. This could be different when applying 
alternative databases such as D&B and FAME, this is discussed in Chapter 9.
For GHGs and C&I waste, retail o f meat and meat product (e.g. butchers etc) businesses 
had the highest impacts of the various business types. This was due to the very high 
(provision perspective) indirect GHGs and C&I waste embodied in the products they 
sell. Indirect GHGs o f the Other retail (food beverages and tobacco specialized) 
business was also very high for GHGs. When viewing water use for the same 
businesses, the retail o f fish and shellfish business came out highest in terms of water 
use (dominantly indirect water use). In general (like for areas) indirect impacts of 
water and GHGs where generally far larger than direct impacts. The results identify the 
ability to prioritise businesses based on consistent, comparable and transparent 
benchmarks of environmental impacts. This is a key advantage of approaches such as 
CLARE and is consistent with Foran et al’s concept of multi scale reporting, as the 
approach and data applied across businesses (of varying sizes) and the sector are 
consistent. Such qualities allow comparison and prioritisation which is central to 
many of the uses o f CLARE and can help in developing dialogue with businesses 
towards lower future impacts and increased reporting and potentially local emissions 
and water use reduction targets.
Once it is clear from CLARE which businesses are the priority, in terms of 
environmental impacts. These businesses could be encouraged to apply techniques such 
as more sustainable procurement and provision to ensure that suppliers are minimising 
the embodied GHGs and water use o f their goods and potentially services. Impacts 
should not however be viewed in isolation and issues such as animal welfare, water 
scarcity and potentially other environmental problems should be considered too. This 
focus leads to the next section addressed.
267
Given that section 5.4 had identified that in general, indirect impacts of businesses were 
often most dominant. Section 5.5 focused on the indirect emissions and water use of 
products sold by each business. This analysis provides another layer of detail and 
information for businesses and policy makers which can be used for benchmarking and 
prioritising actions around products to reduce indirect impacts.
It was found that for the Retail o f meat and meat businesses, the provision and sale of 
meat products dominantly generate these businesses indirect GHG and C&I waste 
(especially food waste) impacts. This was not particularly surprising as these are 
businesses specialising in meat products. For the Other retail (food beverages and 
tobacco specialized), however it was identified that the high indirect GHG impacts of 
the business were dominantly attributable to provision and sales of dairy products. For 
these business types to reduce their GHG burden, they could a.) take a focused look at 
the dairy products they sell; b.) talk with their suppliers to identify the GHG impacts of 
the dairy products they are providing (e.g. cheeses) and what scope there is to reduce 
these GHGs, whether via change in product types, process, technology or procurement 
etc. Interestingly other products such as bakery, alcoholic drinks, (fish and shellfish 
for GHGs) as well as fruit and veg. had high embodied GHG and C&I waste impacts for 
relevant specialist businesses.
With regards to indirect water use the most dominant product across quite a number of 
business types were fish and shellfish products. Water in these products was mainly 
from direct abstraction as opposed to (potable) water company supplied. Vegetable and 
fruit products also came out high across a number of businesses. Given these findings, 
businesses attempting to reduce or investigate indirect water use o f products sold and 
provided by food retail businesses would be well advised to investigate any fish and 
shellfish products or vegetable and fruit products (that they provide) for embodied water 
(abstracted and water company supplied). It should be realised that human and 
ecological welfare impacts vary depending on the nature of water supply and location 
from which water was used.
If it is the case that much of the embodied water of fish products is used in growing the 
fish, then some salt water fish such as mackerel and sprats are likely to have much
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lower fresh water requirements than fresh water farmed species such as trout, for which 
fresh water abstraction may be used in production. As ever however, investigating 
water use o f products such as fish needs to consider in tandem with other issues such as 
the sustainability of the fish stocks an example was provided of such sorts of 
consideration in section 5.5.
Finally in section 5.5, the ability to generate a range of absolute business emissions 
targets (for C&I waste avoidance) in line with national percentage based targets (from 
CLARE estimates) was demonstrated at all the different scales examined in the chapter. 
This final work fulfilled the ‘pilot targets’ research question (6 ) and showed that 
emissions and water use reduction targets can be developed for groups o f business and 
individual businesses and products, in line with national level targets as Forum for the 
Future (2009) have called for. It is hoped that by generating such pilot targets at various 
scales (city, postcode district etc.), these could act as a starting point to engage a 
dialogue with local businesses on what sort of targets they should be setting and how 
businesses in a local area can work together as a community to reduce waste, GHGs 
generation and water consumption. By taking such actions, local business communities 
can become leaders in sustainability and build the environmental credentials of their 
area or region as discussed towards the end o f Chapter 1.
The current chapter made use o f best estimates from CLARE. The next two chapters ( 6  
and 7) investigate uncertainties and sensitivities of CLARE in different situations (e.g. 
with use of more aggregated data etc). This is before best estimates are compared 
(where possible) with those of other studies at a sector level in Chapter 8 .
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C h a p t e r  6: 
U n c e r t a in t ie s  a n d  s e n s it iv it ie s : D ir e c t  e m is s io n s  
ESTIMATION 
6.1 Introduction
CLARE-direct applied in the last chapter is classified as a single imputation method. In 
Chapter 2 it was identified that the methods of both King and Tsagatakis (2006) and 
Bradley and Jackson (2007) are also single imputation models^^^.
In this chapter we investigate the sensitivities and uncertainties associated with the 
single imputation method of CLARE-direct and comparison occurs with previous 
methods. Investigation is conducted under three themes using different techniques:
Sensitivity to disaggregation (by changing data disaggregation levels);
Uncertainty from  use of mean values {by multiple imputation)-.
Model design and assumptions {by comparative analysis).
These themes were developed in line with the ‘uncertainties and sensitivities 
research question (3) and the ‘framework assumptions’ research question (4). In 
order to explain our investigation of these themes, it is useful to refer back to the model 
applied in the current study.
CLARE-direct is quite a simple model: direct emissions (and water use) eo of a business 
o are estimated as follows:
eo = /,w , Uj (6 .1 )
There are a number o f  issues with single imputation methods and the application o f  mean values. Patrician (2002) identifies 
from Schafer (1999) that no account for variability between imputations is conducted in single imputation, as only one value is 
imputed (and is based on mean values for parameters). When using mean values for single imputation, variability decreases, and 
this is said to effect the plausibility o f  estimates and error terms, the technique is also said to overstate precision (Little and Rubin 
1989 and re-stated in Patrician 2002). It is also important to note that when mean values are derived from aggregated data, they 
may not be representative when applied to detailed sub categories such as a business employees size band o f  a sector.
What are the uncertainties and sensitivities associated with the use o f mean values in the framework and data aggregation?
Are the assumption o f  the direct emissions and water use estimation framework an improvement upon assumptions o f  previous 
frameworks?
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Where:
f  j  is the average turnover per employee for a given size band and SIC j and is
estimated from turnover per employee figures for many individual businesses within the 
size band and SIC j ;
is the number of employees o f the business o;
Uj is the average emissions or water use per unit o f turnover for sector j (developed by 
dividing sector emissions by sector turnover).
The only part o f equation 1 that is known for the purpose of this study is (available 
in the Business Structure Database). The other parts of the equation { f j  and u j )  have 
to be estimated based on sector averages.
During the estimation process, preeision can be lost depending on how well averages
{uj  and f j )  represent an individual businesses or a group of individual businesses. It
is in the estimation process, that the first theme (disaggregation) and second themes 
(uneertainty o f mean values) are potentially important.
Theme 1: Sensitivity to disaggregation
Dealing with the first theme, disaggregation is important because it affects the 
resolution of the estimated uj  and f  j  that the model uses. Reduced resolution effects
how representative uj  and are for a given business and therefore the resolution and 
precision of generated emissions and water use estimates of CLARE-direct.
Sections 6.2 (with focus on individual businesses), 6.4 and 6 . 6  (with focus on groups o f 
businesses) of this Chapter investigate the extent to which changes in the aggregation of
data used to develop mean values (w; and /^.) can cause changes in model estimation.
This provides an indication of the sensitivity of model estimation to data aggregation. 
This work informs policy makers and aeademics on the importance o f making use of the 
most disaggregated data when attempting emissions estimation with models such as
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CLARE-direct and the extent to which error may be generated as a result of applying 
aggregated data in such estimation models.
Theme 2: Uncertainty from use of mean values
If a dataset has a lot of varianee and a wide range, then it is more likely that averages 
developed from these datasets may not be particularly representative for a greater 
number of b u s i n e s s e s S e c t i o n s  6.3 (for individual businesses) and 6.5 (for groups 
of businesses) investigate this issue by applying a method that can elucidate the
uncertainties associated with the application of mean values {uj  and A ). We employ a
form of multiple im putation^using Monte Carlo Simulations (please see section 4.2.1 
o f chapter 4 for formal method). The technique allows simulation of how emissions 
estimates would look if mean values were not used. Applying this technique enables a 
quantification of uncertainties associated with the application of mean values in 
CLARE-direct because one can see the extent to which emissions estimates from
CLARE-direct would differ if  mean values {uj  and f j )  were not applied in the
estimation model. When results from such simulations are presented in this chapter it 
is possible to view the variance as well as the range of emissions estimates that would 
be generated from simulations without the use of mean values. Such range and variance 
seen from Monte Carlo simulations are compared with estimates achieved using mean
values (w; and /^.) in CLARE-direct.
One other factor that affects the accuracy o f  mean values { U j  and f  j )  is the reliability o f  the dataset. The datasets
themselves may be dubious (in terms o f  quality), due to data collection methods and sample frames etc. Some analysis o f  the 
quality and robustness o f  environmental datasets occurred in Appendix 4, also where it was possible to make comparison, average 
turnover per employee estimates (in general) compared reasonably well with published datasets. ONS also have procedures for 
ensuring reasonable data quality. Due to this earlier work and due to time and resource constraints, no further analysis will occur in 
this specific area in this chapter.
Schafer 1999 states that: “Multiple imputation is a Monte Carlo technique in which missing values are replaced by m >l 
simulated versions, where m is typically small (say 3-10). In Rubin’s method for ‘repeated imputation’ inference, each o f  the 
simulated complete datasets is analysed by standard methods, and the results are later combined to produce estimates and 
confidence intervals that incorporate missing-data uncertainty.” (Schafer 1999, Page 3)
In the above quote m is defined as missing values.
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Theme 3: Model design and assumptions
For this third theme (model design and assumptions) comparative analysis is applied to 
aid investigation in section 6.7. Comparison of results of CLARE-direct with 
comparable emissions estimates from other similar models is conducted to assess 
differences in estimation of the models. Although this analysis enables identification 
of differences in model estimation it does not allow one to determine which models’ 
estimates are preferable and therefore whether assumptions o f CLARE-direct provide 
improvement on previous frameworks.
This latter task is conducted in section 6 . 8  by comparison o f models’ estimates with 
those from Monte Carlo simulations. This enables one to identify which model is 
preferable for estimation under given conditions and therefore to assess the extent to 
which the assumptions of CLARE-direct may provide improved estimation in certain 
conditions (addressing the ‘framework assumptions’ research question 4).
With regards to the main assumptions of CLARE-direct, it is assumed that detailed and 
disaggregated (average) turnover per employee estimates can be multiplied by the 
number of employees of a business to estimate the turnover o f the business. By doing 
this the model assumes a positive linear relationship between employees and turnover 
(but turnover data used is for very detailed employee size bands). Secondly it is 
assumed that the (average) emissions per unit turnover at a sector level can be 
multiplied by the turnover o f a business to estimate its emissions. Therefore, ultimately 
the model assumes a positive linear relationship between the turnover of a business and 
its emissions. Because turnover varies by employee size bands, the belief is that by 
generating a turnover estimate specific to an employee size band, this provides a more 
solid base from which to estimate the emissions of a business. This however assumes 
that emissions and turnover are more closely correlated than emissions and 
employment.
In the design of a similar model by Bradley and Jackson (2007) an assumption is made 
that emissions per unit o f employment at a sector level (on average) can be multiplied 
by the employees o f a business to correctly estimate the emissions of a business. By 
doing this, the model assumes a positive linear relationship between employees and
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emissions. King and Tsagatakis (2006) apply a very similar assumption, but for fuel 
use as opposed to emissions. The model by Bradley & Jackson (2007) is termed the 
Business Waste Model (BWM). The BWM is the model for which comparison with 
CLARE-direct is conducted in section 6.7.
We now start analysis of the chapter by looking at sensitivity of emissions estimates of 
CLARE-direct to changes in disaggregation of data used in the model.
6.2. Disaggregation effects on estimates of CLARE-direct (individual 
business)
In this section analysis looks at sensitivity to disaggregation (Theme 1) as part of the 
investigation of the ‘uncertainties and sensitivities’ research question (3). Analysis is 
conducted to look at individual businesses.
Due to relevance to analysis in this chapter, an introduction on how disaggregation of 
data for individual b u s i n e s s e s w a s  arranged for examination is provided. In this PhD 
disaggregation of economic and environmental data is based on Standard Industrial 
Codes (SIC) and at its finest level the number of employees.
A range of different sized businesses was selected for testing for each employee size 
band (businesses 1 - 5 )  Each businesses characteristics in terms o f employee size 
band and their number of employees are described in Table 6.1. The sector o f each 
business is not identified as this depends on which sector is being analysed, as will be 
seen later in analysis. Please note that for environmental data testing, only two o f the 
five employee size bands were looked at as robust disaggregated data for remaining 
business employee size bands was not available.
These are not actual existing businesses as revealing information on individual businesses would be disclosive and is not 
conducted at any point in this dissertation. Instead estimates are for scenario businesses that demonstrate the typical profile o f  
emissions and water use that CLARE would allocate to businesses (o f a given type) given a certain number o f  employees (e.g. 25) 
and a business type described by their five digit Standard Industrial Code.
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The employee size bands represented by businesses 1,2,3,4 and 5
Economic data (for / ,  ) Environmental data (for u , )
Employee size band
Number of 
employees Employee size band
Number of 
employees
Business 1 0 to 10 employee size band 9 0 to 10 employee size band 9
Business 2 11 to 25 employee size band 25 11 to 250 employee size band 25
Business 3 26 to 100 employee size band 100
Business 4 101 to 250 employee size band 250
Business 5 250 + employee size band 400
Table 6.1: The employee size bands represented by businesses 1,2,3,4, and 5 for 
economic data (for f j )  and environmental data (for uj ).
In testing both economic and environmental data used to make and wy for each
business, three different levels of disaggregation were chosen to test at for each 
business. They were the 2 digit SIC level, 3 digit SIC and the 3 digit SIC with 
employee size bands
In order to test at the three digit SIC level with employee size bands, both f  j  and u j
had to be developed for different employee size b a n d s O b v i o u s l y  if  modelling at 
the 2 digit SIC no aceount is taken for employee size bands.
CLARE-direct with and wy at different levels of disaggregation was run for 
businesses in each o f the employee size bands as outlined in Table 6.1 above.
We shall now look at the impact of economic data disaggregation on businesses 
emissions and water use estimates, by looking at the effect that use of /^ .’s at various 
levels of disaggregation has on emissions and water use estimation.
Two digit SIC would equate to SIC 55, the Hospitality sector. Three digit SIC would however equate to SIC 55.1, the Hotels 
and motels sector for example.
It must be realised that when referring to 2 digit or 3 digit f  j  and U j ’s, this means that that data used to develop f  ^ ’s and
U  j  's were present at this level o f aggregation.
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6.2.1 The impact of economic data disaggregation on estimates of CLARE-direct 
(individual businesses)
In this sub section for each sector e.g. Food Retail sub sectors and Hospitality sub 
sectors, constant (aggregated) C&l waste coefficients {uj )  were run for all businesses
(1, 2, 3, 4 & 5) for each sector, whilst turnover per employee estimates ( /^  ) were 
applied at the three different levels of disaggregation described above
This section shall not present all results, instead a set of results will be presented for a 
Food retail sub seetor and a set for a Hospitality sub sector. Summaries of remaining 
results will be provided. To see all other results in detail refer to Appendix 6.2.1 and 
6.2 .2 .
Analysis starts by looking at businesses in the Retail-non specialised sector. Results are 
displayed in Figure 6.1 for the five different business types. The first graph o f Figure
6.1 shows results for all five businesses. The remaining four graphs of the figure present 
results individually for each business. For each business one can observe the emissions
estimate achieved by CLARE-direet when f j  is developed and run in the model at 
three different levels of disaggregation.
It does not matter whether we pick C&I waste, water use or GHG emissions (at two digit SIC) to look at, as the affect that the 
disaggregation o f  turnover per employee estimates has on estimates (o f GHG, water use, C&I or food waste) would essentially be
the same. For the most disaggregated f  j  estimates, economic data used were mainly unpublished, developed by the current 
author. Where comparison was possible with published data the estimates seemed to compare fairly well in most cases.
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For each business in Figure 6.1 it can be seen that all three C&I waste estimates (three 
estimates for each of the five businesses) are different. This is due to the fact that each 
of the three C&I waste estimates were generated from a model run with turnover per
employee estimates (/^ .) developed at different levels of disaggregation.
For businesses 3 and 4 it can be seen that aggregation of turnover per employee data has 
most effect on C&I waste estimates. Estimates are about thirty percent higher (in both 
cases) with application of the most aggregated data (compared with the most 
disaggregated).
It can also be seen that in general the application of the more aggregated turnover per 
employee estimates in CLARE-direct result in higher estimates of C&I waste, except 
for in the case o f business 1. This is because application of more aggregated turnover 
per employee estimates produces turnover estimates that are less representative for the 
business type of concern (e.g. producing a turnover as £1 as opposed to £2). CLARE- 
direct then multiplies these turnover estimates by an average emissions per unit turnover 
coefficient {uj ) .  When this happens magnification of errors (from turnover estimation) 
is brought through into the estimation o f e m i s s i o n s R e s u l t s  indicate that aggregation 
of turnover per employee data applied in CLARE-direct matters to emissions 
estimation.
Results for typical (fictitious) representative businesses (1,2,3,4,5) of the Retail o f food, 
beverages and tobacco-specialised sector (SIC 52.2) are illustrated in Appendix 6.2.1^^^. 
To summarise some clear general trends are apparent for both Food Retail sectors (52.1 
and 52.2). Application of more aggregated turnover per employee data for the Food
Say for example U j  is 2 for example, then multiplying by the different turnovers (£1 and £2) results in magnification o f  
inaccuracies e.g. 1x2=2 where as 2x2=4, now there is a difference between estimates o f  2 as opposed to 1.
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For SIC 52.2 going from the 2 digit to 3 digit sector disaggregation leads to larger differences in emissions estimates 
(comparing to the most sector aggregated) than employee size band disaggregation. Applying CLARE-direct differences in 
turnover estimation are reflected through into C&I waste estimation. Initially the current author looked at producing employee size 
band estimates for each o f  the sub sectors o f  S1C52.2, but both economic and environmental data did not allow this in most cases. 
From inspection o f  detailed turnover per employee data by sub sectors, it was decided that the best option was to aggregate the data 
to the level o f  52.2. This is likely not to be the best decision i f  more disaggregated environmental data were available (for sub 
sectors o f  52.2) but they are currently not.
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retail sectors generally results in higher C&I waste estimates for businesses, excluding 
business 1 .
Focus now switches to businesses in the Hotels and motels sector (SIC 55.1). Results 
are provided in Figure 6.2.
279
a;sBM ivo  10 s a u u o i aisBM IÇO 10 s a u u o i
aisBM I’s o  10 sa u u o i
ajSBM IÇO 10 s a u u o i
a;sBM I’go 10 s a u u o i
ajsBM I'go 10 s a u u o i
I S
S WD
I !
% ^S g
.s «II
II
I '
«
%u
<s
a
Ia.
£
ooo(N
From Figure 6.2, it can be seen that for businesses 1, 2, 4 and 5 application of more 
aggregated turnover per employee data results in lower C&I waste estimates. This is 
particularly the case for businesses 1 and 5 where estimates are around sixty and thirty 
five percent of estimates achieved at the most disaggregated level. This finding is in 
contrast to the pattern for Food retail businesses, where application of the most 
aggregated turnover per employee estimates in CLARE-direct resulted in higher C&I 
waste estimates.
To see the results for the other Hospitality sub sectors see Appendices 6.2.2. But to 
summarise, application of more aggregated data generally tends to produce lower C&I 
waste estimates for individual businesses. Exceptions were the Canteens and catering 
sector. For the Bars sector aggregation can result in higher or lower C&I waste 
estimates^^"^. The general different direction of results for hospitality businesses 
compared with trends in disaggregation effects for food retail businesses (aggregated 
data producing higher estimates) comes about due to different trends in turnover per 
employee between different employee size bands for the two sectors. Different 
employee size bands have varying proportions of employees and turnover and 
contribute different amounts to the more aggregated sectors as a whole.
What all o f these results clearly identify is that aggregation of turnover per employee 
estimates matters to the estimation of turnover. Assuming a positive linear 
relationship between turnover and emissions (the assumption that CLARE-direct 
makes) holds then results from this analysis identify that applying aggregated turnover 
data to estimate emissions could lead to less accurate emissions estimation.
6.2.2 The impact of environmental data disaggregation on estimates of CLARE- 
direct (individual businesses)
In this sub-section we investigate the effect that disaggregation of data for generating 
food and C&I waste coefficients ( u j )  has on waste estimates o f businesses. Here we 
investigate the question of: how does disaggregation of environmental data influence 
emissions estimates for individual businesses, when altering the aggregation o f data
Again differences in emissions estimates are the result o f  differences in turnover that arise from application o f  different turnover 
per employee values (at different levels o f  disaggregation).
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used to generate u j whilst holding other variables constant? This is done because it 
provides some insight on the sensitivity of model emissions estimates to environmental 
data disaggregation.
During the analysis it was only possible to look at disaggregation effects for one o f the 
three employee size bands for certain sub sectors due to data constraints.
The majority of work is reported in Appendix 6.2.3 (particularly for C&I waste) and 
only one example is presented here. For the example, we look at results for food waste 
and the Hotels and motels sector (55.1). Results are provided in Figure 6.3. It should 
be noted that no results are reported for businesses 3, 4 and 5 as robust disaggregated 
data was not available.
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From Figure 6.3 it can be seen that for the different sized businesses of the Hotels and 
motels sub sector, application of the more aggregated food waste coefficients result in 
much higher food waste estimates for business 1 and lower for business 2. This trend is 
similar for C&I waste (see Appendix 6.2.3)^^^. The level of disaggregation of food waste 
coefficients has most effect on business I . For this business differences between emissions 
estimates (at different levels of disaggregation) are more than three times different.
To see actual results for the other Hospitality sub sectors, refer to Appendix 6.2.3. A 
general summary of results is now provided. For the 0 to 10 employee size band, 
application of the most disaggregated food waste coefficient results in lower food waste 
estimations for all sub-sectors. For the 11-250 employee size band application of the most 
disaggregated food waste coefficient results in higher food waste estimations for all sectors 
that had enough data to be analysed. Robust data was not generally available to look at 
businesses in the 250+ employee size band.
The main finding from results in this section is that (in the case of food and C&I waste) 
aggregation of emissions per unit turnover matters critically to the emissions estimations of 
CLARE-direct. When applying differently aggregated emissions per unit turnover values, 
estimates from CLARE-direct are often orders of magnitude different for the same 
business. It is believed that more disaggregated values will he more representative of the 
type of business of concern and therefore likely to be more a c c u r a t e T h i s  is the general 
practice in the EIO literature (Su et al 2010) and I-O literature (Miller and Shao 1990). As 
with economic data, the extent of effect that disaggregation can have varies between sectors 
and employee size bands. Observed differences from aggregation however, were much 
larger for environmental data than when turnover was investigated.
Interestingly disaggregation effeets were often ‘mirrored’ in the two different waste streams.
As long as enough observations are present in underlying data which is generally the case. Work when developing turnover 
estimates, showed that above 50 observations in underlying data lead to fairly stable estimations. Only three o f the 3 digit and employee 
size band C&I waste (including food waste) coefficients had less than 50 observations. The Environment Agency developed this dataset 
for Defra and they are thought to be relatively robust. All turnover per employee estimates developed had more than 50 observations, 
some often having over 500 observations.
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Appendix 6.2.4 shows the combined impact on emissions estimates from disaggregation of 
f j  and Uj at the same time. In general changes that result from the combined impact of
disaggregation of f j  and uj  are not drastically higher or lower than fold^^  ^ changes that
occur when f . and uj  are tested individually. There are however some exceptions. The 
example in Appendix 6.2.4 demonstrates that it is possible to observe very large changes 
resulting from the combined impact of disaggregation of A and wy at the same time.
Analysis of disaggregation effects on individual businesses is now complete.
The next section investigates Theme 2: uncertainties associated with mean values used in 
CLARE-direct. This work addresses the uncertainties part of the ‘uncertainties and 
sensitivities’ research question (3).
6.3 Uncertainty associated with CLARE-direct estimates (individual 
businesses)
This section assesses the uncertainty generated by the use of mean values (wy and f  j )  in
CLARE-direct. Results from multiple imputation using Monte Carlo simulation techniques 
are presented to examine such uncertainty.
The Monte Carlo techniques allow simulation to enable one to observe how CLARE-direct 
emissions estimates would look without the use of mean values. Simulations are run 
multiple times as described in Chapter 4 section 4.2.1^^^. The technique incorporates 
random variation by sampling Uj and values from the underlying samples from which
the mean values (uj  and f j )  were developed.
A fold change o f 1 would mean that there was no change, a fold change o f 2 is equivalent to doubling a figure, a fold change is 
equivalent to trebling a figure etc.
One thousand simulations were conducted for each business to provide a reliable indication o f the mixture o f emissions values that 
would be attained without the use o f mean values.
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From the simulation values one can identify the interquartile range for the estimates 
produced. This provides a quantification of the range in which the middle 50% of values 
exist. It shows dispersion of the middle 50% of values. If one considers how large the 
interquartile range is as well as whether the estimate from CLARE-direct falls into this 
range, then this enables a quantification of the uncertainties generated from the application 
of mean values in CLARE-direct to estimate the emissions of a business. Also, 
examination of the range of emissions values generated by Monte Carlo simulations and the 
frequency with which values are seen in a ‘given position’ (e.g. high or low values) provide 
an indicator of the extent to which the application of mean values in CLARE-direct will or 
will not tend to produce highly erroneous emissions values.
We start by looking at a selection of box and whisker plots of the Monte Carlo simulation 
results for Food retail businesses, presented in Figure 6.4. Modelling was conducted for 
businesses with either 10 or 25 employees (emp 10 or emp 25). As described by Statistics 
Canada (2011), Box and Whisker plots summarise a set of data using an interval scale and 
this is why they were chosen. The plots show visually, the central tendency, spread, 
dispersion and range from the Monte Carlo simulations of food waste for each business. 
The graph allows one to see the shape of the distribution from simulations as seen in Figure 
6.4.
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Figure 6.4: Box and Whisker plots of the Monte Carlo simulations for a selection of 
Food Retail business types in the 0 - 1 0  and 11 - 25 employee size bands.
In Figure 6.4 the line through the middle of each box is the median, the bottom lines of the 
boxes are the lower quartile and the top lines of the boxes are the upper quartile. The inter 
quartile range is equivalent to the length of the box. The full range can be seen from the 
bottom line to the final star (an individual highest value for each set of simulations).
In Figure 6.4 it can be seen that for the Retail of food beverages and tobacco-specialised 
business within the 0  to 1 0  employment size band, the distance between the lower and 
upper quartile (containing 50% of all values) is lowest. For this reason there is a higher 
probability that the CLARE-direct estimate of food waste will be accurate for this business 
sub sector compared with the other businesses sub sectors (assuming CLARE-direct 
estimates lie within the box). Table 6.2 shows that CLARE-direct estimates do lie within 
the box.
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Sector Employees CLARE-direct estimate for 
businesses (tonnes) 
when applying mean 
values
Estimate is within 
the box of the box 
whiskey plot
Median value from 
Monte Carlo 
simulations 
(tonnes)
Food retail - non 
specialised
10 3.8 Yes 3.4
25 7.4 Yes 5.7
Food retail - 
specialised
10 3.4 Yes 2.5
25 5.5 Yes 3.8
Table: 6.2: Food waste estimate achieved with CLARE-direct, and median values
from the Monte Carlo simulation.
Table 6.2, identifies that estimates from CLARE-direct (using mean values) are reasonably 
close to the medians from Monte Carlo simulations, although clearly somewhat different. 
This illustrates a general problem with applying averages. Because estimates from 
CLARE-direct (using mean values) lie within the boxes, we can be reasonably certain that 
mean values used in CLARE-direct do not create large uncertainty in estimation for 50% of 
the time. Although this is so, clearly the use of mean values does create more uncertainty 
for some businesses than others as the lengths of the boxes in Figure 6.4 vary in length.
From viewing the remaining 50% of values outside the boxes in Figure 6.4 particularly the 
more extreme values, there does exist significant uncertainty in estimation for this 
remaining 50%. This is particularly the case for retail-non specialised businesses, where 
there is a high range and many values towards the high food waste tonnage scale (on the y 
axis).
It should be noted that Monte Carlo simulations in Figure 6.4 relied on sampling from an 
estimated underlying distribution of food waste per unit turnover that was developed from 
applying the Weibull distribution to an aggregated value of food waste per unit turnover. 
For Hospitality sub sectors more disaggregated environmental data was available. 
Therefore we can have more certainty in the simulations developed for Hospitality sub 
sectors. Monte Carlo results for Hospitality businesses are provided in Appendix 6.3.1.
Uncertainties associated with Hospitality business types were similar or somewhat lower 
than those for food retail businesses. In general, it was shown that for the majority of 
business types, fifty percent of the time the application of mean values in CLARE-direct
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results in emissions estimates that are reasonably close to those that would have been 
attained if mean values were not used, but like for food retail businesses, uncertainties vary 
by different business types. Interestingly, some testing of the effect of data aggregation on 
uncertainty was condueted for Hospitality businesses. It was found that using more 
aggregated data for CLARE-direct can result in higher uncertainty associated with use of 
mean values in CLARE-direct estimation, particularly for restaurants and bars in the 11 to 
25 employee size band.
We now move on to analyse results for disaggregation (section 6.4) and Monte Carlo 
analysis (section 6.5) for groups of businesses.
6.4 Disaggregation effect on estimates of CLARE-direct (groups of 
businesses)
As with sections 6.2 and 6.3, this section again focuses on Theme 1 (disaggregation) and 
the ‘uncertainties and sensitivities’ research question (3). The section however looks at 
sensitivity of emission estimates to disaggregation for groups of businesses as opposed to 
individual businesses. Again we start the seetion by varying one variable at a time, to 
enable analysis of the effects that either economic or environmental data disaggregation has 
on food waste estimates of CLARE-direct. We are interested in the question: how does 
variance in the disaggregation level of economic or environmental data (individually) used
for f  j or Uj in CLARE-direct influence emissions estimates for groups of businesses,
when holding other variables constant?
Analysis is conducted on a population of Hospitality and Food retail businesses in the 
postcode distriet S014 area of Southampton.
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6.4.1 The impact of economic data disaggregation on emissions estimates of 
CLARE-direct (all Food retail and Hospitality businesses of an area)
This section starts by presenting results from altering disaggregation of economic data used
in f  J for the groups of businesses modelled in the selected postcode district. Results for 
the group of businesses in each post code sector of S014 are presented in Figure 6.5.
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Figure 6.5: Emissions and water use estimates for different postcode sectors, when 
turnover per employee estimates are applied at different levels of aggregation for 
different types of emissions and water use in CLARE-direct
From results of Figure 6.5, clearly there are marked differences in tonnages for different 
types of emissions (GHG, C&I waste and food waste) and water use. The actual trends 
between postcode sectors however, remain similar for the different emissions and water 
use.
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The postcode sector SO 147 comes out highest for all emissions and water use of the 
different graphs, postcode sectors S0141, S0142, and 80143 also come out high. These 
postcode sectors come out high in (terms of) emissions and water use due to the number 
and size of businesses covered in each area but also due to the mix of businesses within 
each area.
It can be seen that for postcode sectors, application of turnover per employee estimates at 
different levels of disaggregation does not heavily affect GHG emissions, C&I waste, food 
waste and water use estimates. This is a somewhat surprising finding as individual 
businesses were heavily affected. The reason for this latter finding is because application 
of more disaggregated economic data can result in higher or lower emissions (or water use 
estimates) in individual businesses. Therefore an increase in emissions (or water use 
estimates) of one business, may be offset by a decrease in emissions (or water use) of 
another business in the same area. In this PhD this factor is termed the ‘trade off effect’. In 
addition to this factor, the effect of economic disaggregation on emissions and water use 
estimates for individual businesses was generally found to not be as severe as the effect of 
environmental data disaggregation on C&I and food waste estimates. This also applies for 
groups of businesses.
Focus now shifts towards analysis of the effect that application of different levels of 
disaggregation of environmental data (used in developing environmental coefficients) has 
on estimates for groups of businesses in Southampton. Again analysis is kept to the same 
area and emissions per unit turnover coefficient w; values are varied while all other 
variables are held constant.
6.4.2 The impact of environmental data disaggregation on estimates of CLARE- 
direct (all Food retail and Hospitality businesses of an area)
The most disaggregated environmental data available to conduct analysis for this sub 
section, was food waste data for the Hospitality sector and therefore this was chosen as the 
sector to study.
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Food waste was chosen due to its relevance to the two case study sectors, the high amounts 
of embodied GHG emissions within the waste and because of Defra’s push for its treatment 
via anaerobic digestion. The results from disaggregation of environmental data for 
hospitality businesses in postcode district SO 14 are presented in Figure 6 .6 .
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Figure 6.6: Food waste estimates for differeut postcode sectors, wheu food waste 
coefficieuts are applied at differeut levels of aggregatiou iu CLARE-direct
Unlike Figure 6.5, Figure 6 . 6  identifies that when different levels of disaggregation are 
applied for food waste coefficients, large differenees in food waste arisings for the postcode 
sectors of SO 14 are encountered.
Applying 3 digit and size band disaggregated food waste coefficients generally results in 
higher levels of food waste for the different postcode sectors. It can be seen however, that 
the extent to which food waste estimates are higher (at the most disaggregated level) varies 
for different postcode sectors. This could be due to the mix of businesses in a given 
postcode, or due to the ‘trade off effect’. For postcode sectors SO 147 and SO 143 the 
differences in estimation as a result of differing levels of disaggregation is most 
pronounced. With application of the most disaggregated food waste coefficients for
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s o  147, the tonnage of food waste is almost double the tonnage to when the more 
aggregated 2  digit food waste coefficients are applied.
The reasons for the above result can be explained. If a large proportion of the hospitality 
businesses in an area are businesses for which the disaggregation of data results in a certain 
direction (either higher or lower estimates) of food waste then differences in estimates at 
higher and lower levels of disaggregation will be more stark for an area. It should be 
realised that a moderating force exists here. If a large mix of businesses exists for which 
the direction of the effect of disaggregation goes in opposite directions, then the ‘trade off 
effect’ may come into play and moderate the food waste result for the area^^ .^ In two or 
three SO 14 sub areas (postcode sectors) the trade off effect seems again to be at work, 
masking food waste changes of individual businesses when looking at the group.
Here only one some static examples of how disaggregation effects emissions estimates of 
locations has been examined. In section 6 .6 , an analysis of how disaggregation effects may 
play out over one thousand different areas will be investigated, with both disaggregation of
f  J and Uj changing at the same time. Before this Area sensitivity analysis however, an
attempt is made to quantify the level of uncertainty associated with the use of mean values 
in estimating food waste for one of the postcode sectors (SO 141) of postcode district SO 14.
6.5 Uncertainty associated with CLARE-direct estimates (groups of 
businesses)
In this section, multiple imputation using Monte Carlo simulations (stochastic analysis) is 
conducted for groups of businesses in the S0141 postcode sector^ for food waste. The 
analysis aims to provide an insight into the uncertainties that occur from applying mean
values (for uj  and A ) when modelling groups of businesses. Actual turnover per
employee and emissions per unit turnover values are run in the CLARE-direct model (as
It should be noted that in the example here, only for a certain percentage o f the population o f businesses could the effect o f  
disaggregation be tested. If more businesses were available to test the effect, then the potential for the waste emissions estimate to reach 
a smaller or larger level is increased.
The SOI41 postcode sector has 37 businesses.
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opposed to mean values/ .  and uj).  Values are randomly sampled from the underlying 
data that /  and Uj are derived from, or a proxy dataset believed to have the same
probability distribution. These Monte Carlo simulations enable a quantification of 
uncertainty associated with the use of mean values by showing the range and frequency of
values in a given range that one could expect if mean values ( /  and Uj ) are not used in
the CLARE-direct model.
Food waste estimates for SO 141 using the 1000 Monte Carlo simulations are presented in 
the box and whisker plot seen below in Figure 6.7.
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Figure 6.7: Box and W hisker plots of the Monte Carlo simulations for the S0141
postcode sector.
For the box and whisker plot in Figure 6.7, the line through the middle of the box is the
median, the bottom lines of the box is the lower quartile and the top lines of the box is the
upper quartile. The box represents where 50% of all estimates occur. From this, it can be
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stated that the area in which the estimates fall 50% of the time is between 270 and 361 
tonnes. If CLARE is run with uj  and f . for this area the estimate (293 tonnes) is within 
the box.
Based on these results, fifty percent of the time the application of mean values in CLARE- 
direct would result in a relatively accurate (between 270 and 361 tonnes) estimate of food 
waste for the area. It is also however, quite clear that many simulation estimates are much 
higher than this estimation interval, for example between 500 and 1000 tonnes. This shows 
that on some occasions application of mean values in CLARE-direct could provide 
emissions estimates that are very different to what the actual estimate may be in reality. 
From this analysis, one has to acknowledge that significant uncertainty is generated and 
exists in area estimates as a result of the application of mean values. Although this is so, 
for the majority of the time results in Figure 6.7 show that uncertainty (in food waste 
estimation) generated as a result of the application of mean values is fairly low. This 
analysis goes some way towards quantifying the uncertainty in area food waste estimates 
generated by CLARE-direct.
Now that analysis of uncertainty associated with estimates of the SO 141 is complete. We 
now move on to continue research of data disaggregation sensitivities in a more 
comprehensive and holistic way than could be conducted for the 8014 postcode district.
6.6 Area sensitivity analysis for groups of businesses
In this section analysis aims to investigate differences in disaggregation effects that result 
for emissions estimates when applying CLARE-direct over lOOO’s representative UK areas
for the Hospitality sector. Disaggregation effects are observed for both uj  and /^.at the
same time. This work adds much value to the investigation of disaggregation sensitivities 
earlier presented in section 6.4, as the analysis shows how disaggregation effects play out 
over many different areas, as opposed to just the 8014 postcode district where 
disaggregation effects for uj  and f  j were looked at individually. The analysis therefore
provides a more thorough assessment of disaggregation sensitivities and this is important to
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understanding the full magnitude of impact that an analyst’s data aggregation choices (for a 
model) can have on accuracy of area estimation.
Results and analysis also have implications for analysts hoping to use the CLARE-direct 
model for prioritisation of area emissions as shall be seen in the section. As a result of this 
the ‘infrastructure planning and prioritisation’ research question (5) is partly addressed as 
well as the ‘uncertainties and sensitivities’ research question (3).
6.6.1 Data disaggregation and Area sensitivity analysis for groups of businesses using 
CLARE-direct;
In this sub section simulations are conducted to show the effect that disaggregation has on 
areas with roughly the same number of businesses as the SO 141 area (30) but differing 
business profile mix that is representative of the UK Hospitality businesses population^ 
The work shows the “full spectrum” of possible disaggregation effects for the many mixes 
of different groups of businesses that may occur in areas. Analysis here is representative as 
simulations are based on random sampling of UK Hospitality businesses in line with the 
underlying probability of a business being selected from the UK population^^^. This 
analysis is termed the Area sensitivity analysis. Section 4.2.2 of Chapter 4 provides more 
detail on how random sampling of businesses was conducted for the Area sensitivity 
analysis. It is important to note that these are simulations and none of the businesses were 
actual existing businesses (as this would be disclosive).
Simulations are conducted using 2 digit and then 3 digit SIC and (where possible)
employee size band economic and food waste data (using f j  and uj ) .  Results for the
1000 areas are now presented in Figure 6 . 8  in histogram form. The y axis shows how 
many of the areas fall within a given food waste tonnage range. The results are presented 
in this way to enable observation of differences in patterns of food waste tonnages for areas
when CLARE-direct is run with different levels of disaggregated data for f  and u j .
Here each area has 30 Hospitality businesses, similar to S0141. The profile mix o f these businesses varies randomly in each area in 
this analysis;
By sub-sector and employee size band.
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Disaggregation of data used in average turnover per employee ( /  ) and average food waste
per unit turnover {uj  ) are the only variables that change during modelling (once businesses 
populations had been selected for each of the 1 0 0 0  areas).
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Figure 6.8: Results for area food waste estimates when modelling at the 2 digit and 
then 3 digit and sometimes employee size band level with CLARE-direct.
From results presented in Figure 6 . 8  it was found that in many of the one thousand 
simulated areas, very large differences in food waste estimates occur when different levels
of disaggregation (of both Uj and /^  ) are applied.
It can be seen above that the number of areas (y axis) in each food waste tonnage band (x 
axis) changes dramatically when modelling at the two digit SIC level compared with the 
three digit SIC level and employee size band.
When modelling with three digit and employee size band data many more areas have higher 
tonnages. The Wilcoxon’^^  matched pairs test produced a P value of 0, which confirms that
This test ranks the results from each area simulation, it looks at the difference between estimates of CLARE-direct applied at different 
levels of disaggregation for each individual area and ultimately identities if the difference in the median value from estimates is 
significant, e.g. that the difference did not occur just out o f chance.
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different median values for the two groups of estimates generated by the models was not 
produced by chance. There is significant difference, proving that in general the three digit 
data does produce significantly larger waste estimates across the many local area business 
mixes that might occur in the UK. Higher dispersion when the three digit and employee 
size band data are applied can clearly be seen in Figure 6 . 8  by the much larger spread of the 
red bars^ "^^  (the reason for higher dispersion is explained fully in the footnote
This dispersion pattern results from more areas having higher tonnages when the three digit 
and employee size band data is applied and resultantly more areas towards the fight hand 
side of the diagram. The dispersion is also shown by the statistics. The inter quartile 
range for the food waste estimates was 116 when modelling at the two digit level, 
compared with 291 when modelling at the 3 digit and employee size band level (see 
Appendix 6.6.1). This is a very large difference, the statistic indicates that the middle 50% 
of values are much more dispersed when modelling at the three digit level. This analysis 
has therefore demonstrated in a representative way (for UK Hospitality businesses) that 
disaggregation of data used in CLARE-direct very often impacts the way in which 
emissions are allocated to areas.
This is an important finding. If effects on emissions allocations between areas are 
generated from the use of differently aggregated data (used in the model), this in turn will 
change the prioritisation of high emissions areas by CLARE-direct. So disaggregation of 
emissions data is vital to correct area prioritisation. This information is useful in 
addressing the ‘infrastructure planning and prioritisation’ research question (5) and of use 
to practitioners who wish to apply these models in a robust way.
A similar dispersion pattern is seen when applying the BWM at the two and three digit level (see Appendix 6.6.3).
Two reasons for the high dispersion in estimates are as follows: Firstly, the mix o f the 30 businesses, in terms o f  sub sectors and
employees was constantly changing for each area estimate -  so this could have resulted in higher and lower estimates and hence, 
dispersion. Secondly, because waste per unit turnover changes so much between different employee size bands and sub sectors, this 
could result in very large difference in one area to the next, depending on the mix o f businesses. Both reasons play a part, but the second 
reason was found to be the main reason. The second reason must have been most important, because when modelling for the Food Retail 
sector the large amount o f dispersion did not occur. Yet for Food retail the variance in mix o f businesses was still occurring (with 
actually a larger chance o f the business mix being responsible for differences), but the food waste per employee estimates did not change 
nearly as much and by as much between employee size bands, as they did for the Hospitality sector.
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The high value for the inter quartile range and variability (see Appendix 6.6.2) also 
indicates that food waste from one area to the next may dramatically vary for the 
Hospitality sector businesses, depending on the mix of hospitality businesses. The finding 
indicates that it is likely for there to be large differences in food waste arisings from one 
area to the next depending on the mix of hospitality businesses present. This finding has 
important implications to the need for prioritisation of areas and actual detailed emissions 
estimates by business sectors by detailed area to most efficiently decide waste management 
and infrastructure decisions that should be made between areas.
For the area SO 141 in the last section, the area food waste estimate (using most 
disaggregated data) was double that of the estimate generated using aggregated data. When 
the same disaggregation p rocedureswere  applied to 1 0 0 0  areas of a similar size in Figure
6 .8 , over 2 0 0  of the 1 0 0 0  areas estimated at twice the level of the same model run with 2  
digit data. Just under 450 of the 1000 areas estimated at 50% higher than estimates 
achieved using 2 digit data^^ .^ The latter results provide a more comprehensive and 
holistic analysis of how disaggregation affects ‘play ouf for the UK hospitality sector, over 
numerous area profiles that are most likely to occur.
The analysis above was also run for the business waste model (BWM) by Bradley and 
Jackson (2007) to see if similar results were attained as for CLARE. The BWM was run at 
the same levels of disaggregation, for the Hospitality sector. The difference in results 
between the two and three digit and employee size band data were similar to those in Figure 
6 . 8  (see Appendix 6.6.3).
King and Tsagatakis (2006) broadly apply a similar method (procedure 1) to that of the 
BWM when estimating the distribution of fuel use and ultimately emissions between 
business sectors and areas (1km grids) so if similar disaggregation differences are observed
With the three digit and employee size band data applied;
When conducting ranking (the value from three digit and employee size band data -  the value from modelling with two digit data for 
each pair), 927 positive ranks were encountered, compared with 73 negative.
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in fuel use data, findings here would apply to their work^^^. If such estimation differences 
from aggregation were to occur for fuel use, the scaling approach that the latter authors 
employ could magnify any allocation differences that a r i s e T h i s  is a key implication 
from our results to their method; any allocation error that occurs from using aggregated 
data or model assumptions will be magnified.
This latter focus towards results for models other than CLARE-direct, brings us to the next 
section which directly compares estimates of CLARE-direct with those of the BWM. This 
work addresses theme 3 as opposed to theme 2.
6.7 Comparative analysis: CLARE-direct and the Business Waste
Model (groups of businesses)
This section presents research that is relevant to Theme 3 of this chapter (Model design and 
assumptions) and helps to answer the ‘framework assumptions’ research question (4)^^ .^ In 
order to know if CLARE-direct has improved assumptions over previous models we firstly 
have to know what differences in emissions estimation are generated as a result of the use 
of different models. This section aims is to uncover and explain any differences in model 
estimation of CLARE-direct and the BWM.
Specifically, this section conducts comparative analysis of CLARE-direct and the BWM for 
over 1000 UK area representative s imula t ionsCompara t ive  analysis helps identify and 
understand differences in results that may be generated from the different models. The 
BWM shares assumptions of King and Tsagatakis (2006) so findings here may also have 
relevance to King and Tsagatakis (2006) and their widely used model.
Due to the overlap in methods between Bradley and Jackson (2007) and King and Tsagatakis (2006).
If initial modelling is incorrect due to disaggregation levels not only do the wrong allocations to businesses and areas occur but also 
magnification o f these errors occurs, through the pro rata allocation process. From reading o f AEAT’s work so far, it cannot be seen 
where King and Tsagatakis (2006) specify the levels o f disaggregation applied, but it is important for GHGs too.
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Are the assumptions o f the direct emissions and water use framework an improvement upon assumptions o f previous frameworks? 
Methods o f the area sensitivity analysis are replicated to enable this.
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For this section, both CLARE-direct and the BWM use the most disaggregated data 
available in modelling. Both models use identical disaggregation levels for uj  (average 
emissions per unit turnover for CLARE-direct and average emissions per employee for the 
BWM). As identified in the introduction to this chapter, CLARE-direct however estimates 
turnover as part of the emissions estimation process (using average turnover per employee
figures f j ) .
6.7.1 Differences in estimation: CLARE-direct and the Business W aste Model for 
Hospitality.
Again 30 businesses were used for every simulated area and as with the simulations of the 
last section, again the business profile changes for each area based on random sampling in 
line with the actual UK population of Hospitality businesses^^^. Please refer to the methods 
of section 4.2.2 to see the methodology of how simulation of hospitality representative 
areas are achieved.
A histogram is used to present the results and indicates the spread of the area food waste 
estimates between different tonnage ranges provided on the x axis as seen below in Figure
6.9.
So results provide an indication o f how estimations for a UK area would tend to vary given random sampling o f  the UK population 
and how estimations would vary depending on the model used.
302
80
70
60
S 50
IS BWM 
■  Clare-direct
T onnes o f food w aste
Figure 6.9: Results for food waste when modelling at the 3 digit and employee size 
band level with the BWM model and CLARE-direct.
It can be seen in Figure 6.9 that the models estimate food waste differently for areas. The 
BWM tends to produce area food waste estimates above that of the CLARE-direct model. 
This was indicated by the fact that when each food waste value for CLARE-direct was 
subtracted from the values of the BWM for the same area (and this was done for all 1000 
areas), 291 positive ranks and 791 negative ranks were produced.
The Wilcoxon matched pairs test produced a P value of 0. This confirms that the difference 
in the median values from CLARE-direct and the BWM was not down to chance, but 
significant. It was also calculated that on average the BWM model estimates at 8.4% 
higher than the CLARE-direct model (when calculating for all areas together).
Of the 1000 areas the BWM estimated area food waste estimates at between 10% and 30% 
higher for 455 areas and at between 20% and 30% higher for 193 areas when compared to
CLARE-direct estimates 193
It should be noted however, that if U j  and arc applied at the more aggregated level (2 digit SIC) results for both models were 
identical (see Appendix 6.6.1 ).
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The main reason for the difference in estimations (when highly disaggregated data are 
applied) is due to the fact that the BWM does not take account of differences in turnover 
between business employee size bands, only employment. Even with disaggregated waste 
data, there is only a maximum of three waste coefficients for three employee size bands.
With CLARE-direct however, the average turnover per employee ( A )  can be for five
employee size bands. This adds resolution in estimation of turnover, which consequently 
affects emissions estimation, when business turnover is multiplied by the emissions per unit 
turnover coefficient (w; ).
Due to the design (and inherent assumptions) of the BWM, the model only relates 
emissions to employment and so it is not able to pick up on differences in turnover for 
different employee size bands. If very detailed estimations of uj  were available, 
differences in employee size bands would be picked up in uj  and both CLARE-direct and 
the BWM would estimate very similarly. Conversely, if for CLARE-direct /ydata  were
only available by three constituent employee size bands (same as for Uj) then the estimates 
in Figure 6.9 would be close to identical. However, environmental data to generate 
emissions per unit turnover (wy) are nearly always more aggregated than data available to
generate turnover per unit employment ( /  ).
From these results it can be deducted that the differences in performance between CLARE- 
direct and the BWM, is linked to the availability of disaggregated environmental data. 
With data used here, 46% of the time CLARE-direct appears to estimate significantly 
differently to the BWM (with the BWM estimates being 10% higher than the CLARE- 
direct estimates). It should however be noted that in estimating turnover and then 
emissions of businesses CLARE applies two as opposed to one mean value in the 
estimation process, so CLARE-direct has an increased chance of incorporating some error 
from the application of mean values which can make emissions estimates less accurate.
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Results for Food retail are presented in Appendix 6.7.1. Differences between the models 
were greater for this sector, an important finding was that results for the two models 
showed quite different inter-quartile ranges. This identifies that that dispersion of estimates 
from the two models is different and this has implications for allocation of emissions 
between different areas and therefore prioritisation of areas. More detail on this as well as 
reasons for these differences are explained in Appendix 6.7.1 as are implications for the 
methods of King and Tsagatakis (2006).
This section has clearly found that often the CLARE-direct model estimates significantly 
differently to the BWM. The section does not however, identify which of the models is 
more accurate. This next section provides analysis to inform on this issue.
6.8 Investigation into accuracy of CLARE-direct and the Business 
Waste Model
From the last section it was clear that CLARE-direct and the BWM estimate differently. In 
order to assess if the assumptions of CLARE-direct are an improvement on previous 
frameworks, it is important to understand which model is more accurate in estimation. The 
aim of this section is to attempt to assess this. The section addresses Theme 3 of this 
chapter and the ‘framework assumptions’ research question (4) of the research.
For the aim outlined in this section, ideally one would compare reported business 
emissions^^^ estimates of CLARE and the BWM to actual emissions estimates for the many 
hundreds or thousands of businesses. Unfortunately, this is not feasible in the current study 
due to the lack of reporting of these data at the individual business level and there are also 
political and disclosure issues to overcome to enable this'^^.
The best and most useful way to assess estimation of CLARE-direct and the BWM was 
determined to be by assessing how the models perform in estimating emissions at the
Food waste is the emission of concern in this case study.
Alternatively one could take the many thousand area simulations above in section 6.7.1 and 6.7.2 performed using CLARE and the 
BWM and compare estimates with those generated via Monte-Carlo simulations. To conduct Monte Carlos simulations for each o f  the 
many businesses in each o f the 1000 areas and then compare each businesses estimate with estimates o f CLARE-direct and the BWM is 
however, a huge task and not feasible in the current study.
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individual businesses level through comparison with individual business emissions 
estimates derived from multiple imputation using Monte Carlo simulations. For this reason 
estimates of CLARE and the BWM were compared with 500 Monte Carlo simulations for 
each business and this was done for as many different business types as was possible.
Reviewing how well each model estimates over very many different individual business 
situations (developed through simulation), provides an indication of which model is more 
accurate in its estimation. By doing this the analysis indicates whether the assumptions of 
CLARE-direct are an improvement on previous frameworks.
The Hospitality businesses for which Monte-Carlo simulations were developed and then 
compared with CLARE-direct and the BWM emissions estimates, are outlined in Table 6.3. 
Again, for environmental data it was only possible to attain disaggregated data for 
businesses 1 and 2 .
The employee size bands represented by businesses 1,2,3,4
Economic data (for f  ,or f ) Environmental data (for w,or t/,)
Employee size band
Number of 
employees Employee size band
Number of 
employees
Business 1 0 to 10 employee size band 10 0 to 10 employee size band 10
Business 2 11 to 25 employee size band 25
11 to 250 employee size band
25
Business 3 26 to 100 employee size band 100 100
Business 4 101 to 250 employee size band 250 250
Table 6.3: The employee size bands represented by businesses 1 - 4  for economic data 
(for f j Orf j  ) and environmental data (for uj or Uj) and for which estimates from
CLARE-direct, the BWM and Monte Carlo simulations were generated.
Comparison of estimates of CLARE-direct and the BWM with each of the 500^^^ individual 
Monte Carlo simulations was conducted for each business type (by sector and employee 
size band).
Results from the analysis for the hospitality businesses are presented in Table 6.4. In this 
table, it can be seen that the fourth column of the table identifies how many times the model
196 500 simulations were used because it was found that this is actually quite a stable number o f simulations to run to attain a stable 
result, this reduced risk o f repetitive injury.
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estimate (of CLARE-direct or the BWM) was closest to individual Monte Carlo 
simulations. The fifth column along identifies the preferred model, this was decided based 
on the model that estimates closer to the Monte Carlo simulations a greater number of times 
than the alternative estimation model.
Hospitality
Business type M odel M odel
estim ate
(tonnes)
Num ber of tim es the  
m odel e stim ate  was 
closest to  th e  
sim ulation
Prefered model Prefered model 
estim ate , as a 
percen tage of next 
b est m odel estim ate
Hotels and m otels, business 1 CLARE 2 113
BWM 93
BWM 2 383
Hotels and m otels, business 2 CLARE 27 136
BWM 94
BWM 25 363
Hotels and m otels, business 3 CLARE 75 406
CLARE 76
BWM 100 94
Hotels and m otels, business 4 CLARE 248.9 346
CLARE 100
BWM 249.5 152
Camping and short stay  accom odation, 
business 1
CLARE 3 375
CLARE 79
BWM 4 121
Camping and short s tay  accom odation, 
business 2
CLARE 13 371
CLARE 83
BWM 15 139
Camping and short stay  accom odation, 
business 3
CLARE 48 375
CLARE 79
BWM 61 123
R estaurants, business 1 CLARE 5 177
BWM 83
BWM 4 322
R estaurants, business 2 CLARE 39 348
CLARE 89
BWM 44 152
R estaurants, business 3 CLARE 194 500
BWM 90
BWM 175 856
R estaurants, business 4 CLARE 501 162
BWM 88
BWM 439 336
Bars o r pubs, business 1 CLARE 4.6 138
BWM 98
BWM 4.5 340
Bars o r pubs, business 2 CLARE 37 381
CLARE 75
BWM 50 119
Bars or pubs, business 3 CLARE 148 387
CLARE 74
BWM 200 113
Bars or pubs, business 4 CLARE 554 175
BWM 91
BWM 501 323
Catering and canteens, business 1 CLARE 1 147
BWM 92
BWM 1 351
Table 6.4: Comparison of food waste estimates of CLARE-direct and the BWM with 
each of the 500 individual Monte Carlo simulations for each business type.
Column 5 of Table 6.4 above indicates that for the business types looked at (businesses 1,
2, 3 and 4), overall for the 500 simulations CLARE-direct is the preferred model for 8  of
the business types. The BWM is also the preferred model in estimating for 8  business
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types. The far right column of the table provides the preferred model estimate (CLARE- 
direct or the BWM) as a percentage of the next best model estimate. From looking at these 
percentages, it can be seen that for 5 of the 8  business types (for which the preferred 
estimation model is the BWM) differences between estimates of CLARE-direct and the 
BWM are marginal (e.g. less than 10 percent difference in estimation). When CLARE is 
the preferred estimation model, for 5 of the 8  business types, differences between the 
CLARE-direct and BWM estimation is much more than marginal (e.g. more than 20% 
difference in estimation).
There are two factors that generate differences in model estimation. Firstly CLARE-direct 
applies two mean values in estimation { f j  and uj  ), however the BWM model applies only
one mean value in estimation (uj ) .  Section 6.3 earlier identified that the application of 
mean values does generate some uncertainty. By CLARE-direct applying two mean values 
as opposed to one, potential for this form of uncertainty (and inaccuracy) is increased. This 
explains why in some situations the BWM is generally the preferred estimation model (due 
to less inaccuracy created by application of mean values). A second reason for differences 
in model estimation however, is due to the fact that CLARE-direct takes account for the 
variation in turnover per employee in different employee size bands (using very detailed 
turnover data). By doing this, turnover is estimated more accurately. Due to using a 
detailed turnover estimate upon which to estimate emissions, this is a more sound basis 
(compared to estimation based on employees) from which to estimate waste emissions. 
However, this is only the case if turnover per employee varies between employee size 
bands (which it often does). The latter would not hold if emissions per employee data were 
as disaggregated as turnover data, but they are nearly always not so.
The determination of whether CLARE or the BWM is the preferred model depends on 
which of the two factors is more dominant, inaccuracy resulting from the use of mean 
values (CLARE-direct), or inaccuracy resulting from the inability to capture differences in 
turnover, and hence emissions within detailed employee size bands. It must however be 
realised that a limitation of the Monte Carlo simulations (which are the benchmark for
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comparison) is that simulations are derived by bringing together estimates of f  and Uj for
businesses by multiplication. Ideally emissions estimates of the BWM and CLARE-direct 
would have been compared to reported emissions values by businesses themselves.
At this point it is useful to look at the overall estimates (for all 500 Monte Carlo 
simulations for each business type) and compare these to the overall (summed CLARE or 
BWM) estimates achieved by the models, to confirm which is closer to the Monte Carlo 
simulation. This provides an indication as to whether the preferred model when assessing 
individual businesses estimates also holds to be the preferred model in overall estimation 
for groups of businesses of a specific type. Results for this analysis are presented in Figure
6.10. Two charts are presented in the figure to enable all results for business types to be 
displayed.
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Figure 6.10: Overall estimates (for all 500 Monte Carlo simulations for each business 
type), when the BWM is believed to be the preferred model.
It can be seen that when looking at how closely the models estimate to the value of overall 
(summed) estimates for the 500 Monte Carlo simulations, the BWM is generally only 
marginally better than CLARE-direct in estimation for four business types. CLARE-direct 
actually proves to estimate substantially closer to the summed Monte Carlo simulations in 
two of the business types, even though from individual simulations in Table 6.4 the BWM 
was the preferred model.
We now look at the situation when CLARE-direct was the preferred estimation model 
(from analysis of individual businesses in Table 6.4). Again, two charts are presented in 
the figure to enable all results for business types to be displayed.
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Figure 6.11: Overall estimates (for all 500 Monte Carlo simulations for each business 
type), when CLARE-direct is believed to be the preferred model.
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From Figure 6.11, it can be seen that when looking at how closely the models estimate to 
the summed estimates for the 500 Monte Carlo simulations, in five or more cases the 
CLARE-direct model estimates substantially closer to the overall (summed) estimates of 
the Monte Carlo simulations. CLARE-direct estimated closer to the overall values (for the 
five hundred Monte Carlos simulations) for all business types.
In general results from Figures 6.10 and 6.11 indicate that on balance CLARE-direct does 
generate improved estimation to that of the BWM when comparing to closeness to Monte 
Carlo simulations. Based on this analysis one can conclude that the assumptions of 
CLARE-direct are improved (compared with the BWM) when estimating food waste for 
the Hospitality sector.
The same type of analysis conducted earlier in Table 6.4 was also conducted for food retail 
businesses and results are presented in Appendix 6.8.1. It can be seen in this Appendix that 
results were more pronounced for food retail than hospitality. For most business types 
CLARE-direct improves estimation and substantial improvements in estimation are 
observed for half of the business types.
If these results hold, then findings here demonstrate that CLARE-direct has improved 
assumptions over the BWM. These findings are also relevant to King and Tsagatakis 
(2006), due to the overlap in methods with the BWM. It should however be realised that 
results here are specific to food waste, but it is quite possible that the findings also hold for 
fuel use.
6.9 Discussions and conclusions
This chapter has looked at the sensitivities associated with data disaggregation (Theme 1) 
and uncertainties associated with the use of mean values in CLARE-direct (Theme 2). The 
third theme investigated model design and assumptions, specifically in this third theme it 
was attempted to confirm whether the assumptions of CLARE-direct provide improvement 
upon assumptions of previous frameworks such as the BWM (and King and Tsagatakis 
2006).
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The main conclusions from the chapter are now summarised. We start with conclusions 
related to Theme 1 and the ‘uncertainties and sensitivities’ research question (3).
Assessment of disaggregation effects was conducted for turnover per employee (/^.) and
waste per unit turnover {uj )  individually while holding other variables constant in sections
6.2 for individual businesses and in sections 6.4 and 6 . 6  for groups of businesses. It was 
found that disaggregation of turnover per employee data can often be important in attaining 
more accurate GHG emissions, C&I waste, food waste and water use estimates for 
individual businesses^^^. The effect of disaggregation of turnover per employee on 
emissions and water use estimates varies for different employee size bands and sectors
Disaggregation of turnover per employee data was not so important when estimating GHG 
emissions, waste and water use estimates for groups of businesses in the postcode sectors of 
the SO 14 area, due to the “ trade off effect” Results for groups of businesses are 
dependent on how disaggregation effects emissions and water use estimates for all 
businesses overall.
Disaggregation of C&I and food waste data for uj  is very often critically important in 
attaining accurate estimates of C&I waste and food waste for individual businesses'®^. 
Differences achieved using differently aggregated uj  were often much larger than
differences observed from data aggregation for f .. Unlike turnover, disaggregation was
also important for groups of businesses in the SO 14 area. Results however were not as 
pronounced as when assessing individual businesses due to the trade off effect, but 
disaggregation was still found to be important in estimation, particularly for the SO 147
Two mechanism of how disaggregation effects change waste estimation were identified. A third mechanism o f how disaggregation 
effects change waste estimation was found when disaggregation o f U j  and f  j  changed at the same time for individual businesses
(mechanisms also apply for groups o f businesses).
Although this was so, application of the most aggregated turnover per employee estimates for food retail businesses resulted in 
generally higher emissions and water use estimates. The opposite was true for the hospitality sub sector businesses.
Whereby one businesses waste emissions may go up but another businesses waste emissions go down, when different levels o f  
disaggregation are applied to an area.
It was found that effects on waste estimates from disaggregation o f  average waste per unit turnover, were generally similar (with 
regards to pattern) across the two waste streams examined.
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postcode sector. From this, one can conclude that emissions and water use estimates of 
individual businesses from CLARE are sensitive to data aggregation and prioritisation of 
individual businesses could be effected by choiee of data applied in the CLARE-direct 
model, particularly for environmental data for which data disaggregation was most 
important. The finding indicates that researchers and government should put high 
emphasis on disaggregating waste data particularly if they wish to apply models such as 
CLARE-direct in the future.
Section 6 .6 , assessed how disaggregation affects may play out in different estimation 
models across thousands of representative simulation areas (as opposed to just one area) for 
the Hospitality seetor. This brought additional and more holistie insights, and confirmed 
that Hospitality sector data disaggregation of emissions coeffieients {uj )  and mean
turnover per employee ( A )  for estimation of groups of businesses is very often important
across many different representative areas and not just postcode sector SO 147. 
Application of the most disaggregated data resulted in big differenees in estimations. 
Applying the most disaggregated data in CLARE-direet, it was found that over 200 of the 
1 0 0 0  areas were estimated at twice the level of the same model run with aggregated 2  digit
data (for uj  and f  j). The analysis provided a more ‘full’ understanding of the magnitude
of importanee of data disaggregation when modelling areas. This helps in answering the 
‘uncertainties and sensitivities’ research question (3) as data disaggregation is clearly 
important to accurate estimation in many situations for the Hospitality sector.
Critically section 6 . 6  also found that disaggregation of data effects the way in which food 
waste was allocated to different areas. This finding means that using differently 
disaggregated data may lead to different prioritisations of areas in terms of food waste. As 
well as providing more insight on the ‘Uneertainties and sensitivities’ research question (3), 
this finding aids the answering of the ‘infrastructure planning and prioritisation’ research 
question (5). The results show that planning and prioritisation of high emissions locations 
can be effeeted by data aggregation, so the ability of CLARE-direct to be used for planning 
and prioritisation of areas depends on the availability and use of disaggregated data.
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Analysis was representative, as simulations were based on sampling of UK Hospitality 
businesses in line with the underlying probability of a business being selected from the UK 
population (for an area). This and the faet that simulations ran for one thousand areas added 
much value to earlier work and showed the diversity of estimates that are attained for 
different areas. The high interquartile range and variability showed that food waste can 
often vary dramatieally from one area to the next (even if the same number of hospitality 
businesses are present). This finding underlines the importanee of having detailed 
estimates of waste for areas when attempting to plan waste infrastrueture.
The same analysis was run for the BWM and very similar results were found with regards 
to allocation differences. Due to the overlap of the latter method with the King and 
Tsagatakis (2006) method, these findings have strong implications for their work, 
partieularly if disaggregation effects apply to fuel use like they do for food waste. Also the 
method of King and Tsagatakis (2006) magnifies any initial allocation errors that may 
occur. From a brief assessment of fuel use data, it appears that aggregation does effect fuel 
use intensities at the sector level. It is however, uncertain as to whether this applies at the 
employee size band level.
This work eould be particularly informative to Defra given the significant amount of 
modelling that they commission AEA to perform (using the King and Tsagatakis 2006 
method) and the wide use of these estimates.
With regards to uncertainties and sensitivities associated with the use of mean values 
(Theme 2), section 6.3 presented results from multiple imputation using Monte Carlo 
analysis for individual businesses using box and whisker plots. It was shown that for the 
majority of business types, fifty percent of the time the application of mean values in 
CLARE-direct results in emissions estimates that are reasonably close to those that would 
have been attained if mean values were not used. Results however varied for different
business types, also waste estimates from CLARE-direct using mean values {uj  and f  j )
were sometimes quite different from the median values from the Monte Carlo analysis. In
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answering The ‘uneertainties and sensitivities’ research question (3), this shows that the 
application of mean values in CLARE-direct does generate some uncertainty.
Similar results were found for groups of businesses in section 6.5. It was also found that 
using aggregated data to derive mean values used in CLARE-direet results in increased 
uncertainty in estimates achieved from the mean values. This further supports findings on 
sensitivities to data aggregation presented in section 6 .6 . For Monte Carlo analysis, it 
should be noted that original environmental data sets were not available to sample from 
when conducting simulations. As a result surrogate environmental datasets had to be 
generated for use in Monte Carlo simulations, this was done using a software package, 
probability distribution and values of mean waste per unit turnover for each sub sector and 
employee size band. As a result of this some caution should be taken in having absolute 
confidence in results from the Monte Carlo simulations. -
Once uncertainties associated with mean values had been estimated, assessment of whether 
assumptions of CLARE-direct provide improvement upon assumptions of previous 
frameworks was conducted (Theme 3). This was conducted in seetions 6.7 and 6 .8 . The 
starting point to this work was to assess whether the models (CLARE and the BWM) 
estimate differently when estimating for the same businesses within areas in section 6.7. 
Extensive assessment of this was conducted for the two case study business sectors. It was 
found that performance of the models is heavily dependent on the availability of 
disaggregated data. For example, if disaggregation of data for the models is 2 digit with no 
employees size bands then the models estimate very closely if not identically.
In practise when applying the models using the most disaggregated data available, it is 
generally not possible to attain uj  and A  disaggregated at exactly the same level. It is
nearly always possible to g e n e r a t e t o  a higher level of disaggregation than uj .  In these
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situations the differenee in estimation of the BWM and CLARE-direct was confirmed (by 
statistieal tests) to be significantly different^®\
The main reason for the difference in estimations (when highly disaggregated data are 
applied) is due to the fact that the BWM does not take aecount of differenees in turnover 
between employee size bands, it only looks at employees. With disaggregated waste data, 
there is only a maximum of three waste coeffieients for three different employee size 
bands. With CLARE-direct however, the average turnover per employee ( A )  can often be
generated for five employee size bands. This adds resolution in estimation of turnover, 
which consequently affects emissions estimation, when multiplied by the emissions per unit 
turnover coefficient (wy ).
For food retail results in Appendix 6.7.1, it was found that allocations between areas ean 
also be quite different depending on the model used (CLARE or the BWM). Depending on 
which model is more aecurate the latter finding is particularly important as it shows that the 
choice of model design and assumptions ean affect the prioritisation of high emissions 
areas, which is of relevance to the ‘infrastructure planning and prioritisation’ research 
question (5). Dispersion is a lot lower with CLARE-direct and this means that the BWM is 
more likely to produce area estimates that are more extreme.
Onee differences in model estimation were shown to exist, the next step in asserting 
whether the assumptions of CLARE-direct are an improvement over previous frameworks 
was to identify whether estimates of CLARE-direct or the BWM were more aecurate. This 
was assessed in section 6 . 8  by comparing estimates of CLARE-direct and the BWM for 
each business type, with estimates derived from multiple imputation using Monte Carlo 
simulations (for each business type). The model estimating closest to the Monte Carlo
201
BWM does not use average turnover per employee in its estimation procedure, so is unable to attain the higher resolution that 
CLARE-direct can gain from using f  j ’s.
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simulations the most times was determined to be the preferred estimation model for that 
business type.
For the Hospitality sector, CLARE-direct and the BWM were the preferred estimation 
models an equal number of times for the individual business types for whieh it was possible 
to conduct analysis.
When CLARE-direet was the preferred estimation model however, improvements in 
estimation were more often generally found to be substantial e.g. over 2 0 % improvement in 
estimation compared with that of the BWM (for the majority of business types). When the 
BWM was the preferred estimation model however, improvements in estimation compared 
with CLARE-direct were generally found to be marginal.
Based on these findings, results here indicate that on balanee CLARE-direct does generate 
improved estimation to that of the BWM for the Hospitality sector. This, however, is only 
the case if emissions and water use of businesses bear a stronger relation to turnover (over a 
year) than employment. This caveat has to be put in place, as it was not possible to 
compare with aetual emissions estimates, instead Monte Carlo simulations were used. 
Although this is so, the assessment here is thought to be reasonable given constraints.
When the same assessment was performed for businesses in the Food retail sector, CLARE- 
direct was found to be the preferred estimation model for seven of the nine business types 
assessed. When CLARE was the preferred estimation model, differences in estimation 
between CLARE-direct and BWM were found to be substantial (e.g. more than 20% 
difference in estimation). Again when the BWM was the preferred model, improvements 
in estimation were found to be marginal.
So for the Food retail sector, results here indicate that CLARE-direct generally generates 
improved estimation to that of the BWM for relevant food retail businesses. Caution 
should be applied to this latter result though, as Monte Carlo simulations were developed 
based on using a quite aggregated (three digit SIC) mean emissions per unit turnover value.
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Although this was so, information did come forth that suggests that this is not an issue for 
the relevant seetor.
Results from section 6 . 8  indicate that for the majority of businesses types assessed, on 
balance CLARE-direct generates improved food waste estimation. Results here therefore 
indieate that the assumptions of CLARE-direct are an improvement upon the assumptions 
of the BWM as they allow incorporation of detailed turnover data into the estimation 
process, which analysis here indicates improvement in estimation. Work of section 6.7 also 
showed that the choiee of model can effect prioritisation of high emissions areas, so this 
adds additional importanee to choosing the best estimation model.
The assumptions of the BWM are shared by King and Tsagatakis (2006) when allocating 
fuel use to areas. So findings on improvement of assumptions and effect of choice of 
model on area prioritisation have applicability and relevance to King and Tsagatakis 
(2006).
It should be noted that more detailed data and analysis is however required to absolutely 
confirm the improvement in assumptions of CLARE-direct over the BWM: ideally model 
estimates would be compared against actual business emissions estimates as opposed to 
emissions estimates derived from multiple imputation using Monte Carlo simulations.
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C h a p te r  7: 
U n c e r t a in t i e s  a n d  s e n s i t iv i t i e s :  I n d ir e c t  e m is s io n s  
ESTIMATION
7.1 Introduction
The last ehapter addressed uncertainties and sensitivities associated with direct emissions 
estimation. This chapter addresses uneertainties and sensitivities associated with indirect 
emissions estimation. The chapter does this by investigating the effect that the level of 
disaggregation of environmental and economic data used in environmental input-output 
modelling has on emissions (food waste and GHGs) estimation and how approaches to 
overeome environmental data aggregation lead to differences in indirect emissions 
estimates later used in CLARE-indirect. In doing this, the Chapter addresses the 
‘uncertainties and sensitivities’ research question (1) of this research project. Approaches 
to deal with environmental data aggregation are now introduced, as they are integral to the 
analysis presented in this chapter.
In this study environmental data was often heavily aggregated compared to economic input- 
output data^ ®^ . When environmental data are more aggregated than input-output data there 
are three approaches one can take to overeome this, as covered by Su et al (2010):
Firstly, one eould aggregate more detailed économie input-output data to the level of 
aggregation that matches more aggregated environmental data^ ®^ . This is called the 
aggregation approach in this study. Machado (2000) and other authors have applied this 
approaeh in the past.
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Defra UK industry water supply and abstraction data (supplied by Rocky Harris 2010) are a good example o f  the types o f heavily 
aggregated datasets often currently produced.
Su et al (2010) call this “Data Treatment Scheme 1”
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Alternatively, one ean disaggregate the environmental data so that it matches the level of 
disaggregation of economic input-output data^ ®"^ . In this approach more aggregated 
environmental aecounts are mapped, using linear scaling assumptions (based on sector 
output in basic prices) to match the more detailed économie accounts (Jackson et al 2006). 
We eall this the linear scaling approach. In the past Lenzen et al (2004), Jackson et al 
(2006) and other authors have applied this approach.
Thirdly, one can apply the hybrid approach, where one takes the linear scaling approach 
and ineorporates information from more disaggregated external environmental datasets to 
disaggregate the environmental dataset of eoncem and remove the need for the linear 
scaling approach and its inherent assumptions. Su et al (2010) and Lenzen and Peters 
(2010) have applied this approach. Please see section 4.3.2 for examples of the hybrid 
approaches applied in the current chapter.
In this chapter the aggregation, linear scaling and hybrid approaches are applied for food 
waste and GHGs.
Lenzen and Peters (2010) indicate that there is only a real need to use actual disaggregated 
environmental data to replace the linear scaling approach (through the hybrid approach) 
for particular sectors^® .^ For remaining sectors, linear scaling assumptions or similar non­
survey approaehes can be applied^ ®®. This is different to Su et al (2010) who when 
applying the hybrid approach, apply as much external data as possible (from different 
sources) for different sectors to remove the need for assumptions made in the linear scaling 
approach^^ .^ Lenzen and Peters (2010) however, indieate that the hybrid approach should 
be applied for:
Su et al (2010) call this approach “Data Treatment Scheme 2”.
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For example if  three sectors exist and one of the sectors uses a very large amount o f water (and the other two use minimal amounts 
o f  water), then the figure for large water use would be classed as an important data item. See Lenzen and Peters (2010) for more 
information.
The authors states that there is; “no penalty for generating a large number o f uncertain but small estimates in an inter industry 
model” (Lenzen and Peters 2010, page 77)
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Su et al (2010) also state that: “In empirical studies it is logical to take the view that the finer the level o f sector disaggregation the 
more refined the decomposition results obtained” (Su et al 2010, Page 173). Similarly Wiedmann et al (2007) (as seen in Beynon and 
Munday 2008) argue with reference to other literature, that the greatest level o f disaggregated data should be used.
321
''important (large) data items’" (Lenzen and Peters 2010, page 77^ ®^ )
The debate about the hybrid approach and the extent to which it should be applied has 
relevance to both academics and government^®®. In deciding on aggregation levels, it is 
helpful for academics and policy makers to know what level of disaggregation is likely to 
be sufficient for which EIO modelling tasks. Su et al’s empirical work is said to show that 
about 40 sectors is a sufficient level of model disaggregation to provide the overall shares 
of emissions embodied in exports of a country. The latter authors put in the caveat that for 
individual sectors, the situation could be different, they also usefully refer to index 
decomposition analysis and note that:
“there does not exist a particular level of sector disaggregation that can be considered to be 
the “correct” level.” (Su at al 2010, page 173)
Although this is so, in practice it is believed that discussion about ‘what level of sector 
disaggregation is sufficient for a given task’ such as CLARE modelling is useful, as is the 
discussion of how much the hybrid approach should be applied. The two issues are the 
focus of disaggregation analysis of this chapter, and have particular relevance to reliability 
of estimates from CLARE-indirect.
The chapter aims to provide insight on the two following specific tasks:
The ‘40 sector sufficiency’ task: whether roughly 40 sectors is a sufficient level 
of sector disaggregation for examining results for individual sectors of the 
UK^ ^®.
They state this when investigating the total emissions or water use attributable to households, but not emissions attributable to 
individual sectors.
Using the hybrid approach for as many sectors as possible, although admirably thorough, can require quite a lot o f time and effort. 
Do the benefits outweigh the cost? For government it can be much more costly to produce and publish disaggregated datasets because 
more data observations have to be collected in order for each sector to have enough observations for a representative sample^ ®®. Asking 
government to produce as detailed datasets as possible sometimes falls on ‘deaf ears’. Asking government to produce highly 
disaggregated data for particular sectors is not perfect, but may be a pragmatic approach more likely considered by government (rather 
than asking for very large and disaggregated datasets) when under heavy financial constraints. This is the case currently in the UK.
A sector focus is taken, as this is the level at which the EIO modelling for CLARE-indirect is conducted.
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The ‘key sector disaggregation’ task: whether one should strive to attain 
higher overall disaggregation of datasets (from actual data without 
assumptions) or whether analysts and government should aim for 
disaggregation of particular key sectors^ \
The chapter is framed around these two tasks. Table 7.1 identifies that the initial input- 
output dataset used in this study was 1 2 2  sectors which is the same level of disaggregation 
as previous work by Su et al (2010). Su’s environmental dataset for CO2 was initially 42 
sectors, where as in this study the GHG dataset is initially 93 sectors and the food waste 
dataset is initially 22 sectors. Su’s was for China whereas this study is for the UK. Su et 
al (2010) estimated the CO2 emissions attributable to the exports of an economy. Results 
from this work estimated the GHGs and food waste emissions attributable to expenditures 
made in each sector of the economy by the Hospitality sector^
Type of data initial sector  
disaggregation
Aggregation
approach
Linear Scaling 
approach
Hybrid approach
Su et
al
(2010)
Environmental 44 Economic data 
aggregated to the 
number of 
environmental sectors: 
42 sector model
Environmental sectors 
disaggregated to 122 
sectors to create a 122 
sector model
As much external data used as 
was possible to avoid linear 
scalling assumptions. Then 
new 42 and 122 sector models 
were constructed via 
aggregation/disaggregation
Economic 122
This
study
GHGs
Environmental 93
Economic and 
environmental data 
aggregated to a 42 
sector model (if private 
households are 
excluded)
Environmental sectors 
disaggregated to 122 
sectors creating a 122 
sector model
For Food and drinks 
manufacturing external data 
was incorporated to avoid 
linear scalling assumptions. 
The model was 122 sectorsEconomic 122
This
study
food
waste
Environmental 22
Not conducted
Environmental sectors 
disaggregated to 42 
sectors, and 122 
sectors to generate a 
42 sector and 122 
sector model
For Food and drinks 
manufacturing external data 
was incorporated. Then 42 and 
122 sector models were 
constructed via necessary 
aggregation and 
disaggregation
Economic 122
Table 7.1: Construction of the aggregation, linear scaling and hybrid approaches for
the current study and Su et al (2010).
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This study provides some insight from disaggregation o f the Food and drinks manufacturing sector, a key sector in CLARE-indirect 
modelling.
212
This was due to the focus o f the project on estimating the indirect emissions and water use attributable to the Hospitality sector and 
eventually hospitality businesses.
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The analysis in this chapter will provide insight on the difference in estimation from 
differently aggregated models (e.g. 122 and 42 sectors as identified in Table 7.1) and the 
differences that occur from disaggregating particular sectors with the hybrid approach and 
this will help address the two tasks set out above.
For the hybrid approach external more disaggregated environmental data was incorporated 
to disaggregate (and replace linear scaling assumptions) for the Food and drinks 
manufacturing sector as seen in Table 7.1. The Food and drinks manufacturing sector was 
initially aggregated as one particular sector. Using the hybrid approach, the sector was 
disaggregated into twelve sub-sectors. This analysis of the hybrid approach will provide 
some insight on the importance of disaggregating particular sectors with actual 
environmental data.
If disaggregation of the Food and drinks manufacturing sector’s data (using the hybrid 
approach) results in substantial change in estimated GHGs or food waste then we consider 
the sector’s environmental data to be an ‘important data item’. In the current chapter a 
substantial change is seen when estimates are 30% higher or lower as a percentage of the 
linear scaling approach. With substantial changes being the case for a sector, the sector is 
in this study termed: ‘a key sector’ for disaggregation. This is therefore relevant to the 
‘key sector’ disaggregation task.
In order to assess difference in estimation that arise from modelling at 42 and 122 sectors 
for researching the ‘40 sector sufficiency’ task. Two forms of analysis are conducted. 
First, results from modelling are compared at a consistent level. The only way to directly 
do this is to compare results of the 122 sector models with that of the 42 sector model at a 
comparable 42 sector level. This is however, not ideal as some differences in sector 
estimation results that are generated may get hidden when aggregating results to 42 sectors. 
For this reason this chapter also presents multipliers (as described in section 4.5 of Chapter 
4). These multipliers (for monetary output or GHGs) allow effective comparison of 122 
sector modelling results with 42 sector modelling results.
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Multipliers, such as a GHG multiplier are developed (in this study) by taking the emissions 
result that the model generates for a sector and dividing it by the output (millions of £ in 
basic prices) of the sector. These can then be compared, for example one can compare an 
aggregated 42 sector output multiplier for the aggregated Mineral products sector with a 
122 sector model GHG multiplier for one of its sub sectors. If aggregation does not matter 
in sector estimation, then the GHG multipliers should be identical. If they are different 
then use of a 42 sector model to estimate emissions for the Minerals sub sector potentially 
leads to inaccuracy (assuming more disaggregated model estimates more accurately)^^^. 
In this chapter multipliers are only presented when significant differences exist between 42 
sector and 1 2 2  sector multiplies.
It should be noted that assessment of model aggregation for monetary output can inform 
results for GHGs and food waste. Due to this results for purely monetary output are firstly 
reported in this chapter in section 7.2. This addresses gaps in the literature identified by 
Baynon and Munday (2008). They found (from review) that only limited analysis of how 
imprecision and uncertainty in the underlying input-output frameworks themselves might 
be transferred through into footprint estimates. In relation to aggregation impact analysis, 
some work has been conducted by studies such as Doeksen and Little (1968), Williamson 
(1970), and Hewings (1972). These authors’ works show that aggregation even to very low 
levels has very limited effect on multiplier size. Initial input-output (1-0) data 
disaggregation in regional studies by Doeksen and Little (1968), Williamson (1970), and 
Hewings (1972) however, all start from a fairly aggregated pre-aggregation level of 27, 12 
and 51 sectors respectively. Chakraborty et al (2010) looked at effects of aggregating 
more detailed data than 122 sectors for Canada. They aggregated 697 commodities, 286 
industries into 125 commodities and 84 industries and found for most sectors that 
aggregation error is marginal. This would support the view that the pre-aggregation level 
of input-output data is not likely to generate that much uncertainty, but this is not 
confirmed for UK data, and it should be noted that the study by Chakraborty et al (2010) is 
not believed to have been published in a peer reviewed journal, as yet. Chakraborty et al
In this study we assume that the more disaggregated multiplier is the more accurate when use o î linear scaling approach is minimal.
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(2010) also do not report output multipliers for the two model aggregations. Reporting 
multipliers can be important and provides a more comprehensive assessment, we provide 
these as well as results from assessing aggregation of input-output data on output 
estimation for the UK.
The equations that were applied to attain these results can be seen in Appendix 7.1 (but 
they are essentially the same as equations 3.37 and 3.38 and 3.39 of Chapter 3, except the 
vector containing emissions coefficients, is replaced by a vector of ones).
Moving on from looking at monetary output. Section 7.3 and 7.4 present results for the ‘40 
sector sufficiency’ task: GHGs and ‘key sector disaggregation’ task: GHGs. Sections 7.5 
and 7.6 present results for the ‘40 sector sufficiency’ task: food waste and ‘key sector 
disaggregation’ task: food waste. In section 7.7 discussions are conducted and chapter 
conclusions are presented in section 7.8.
7.2 40 sector sufficiency task: monetary output
In this sub section, monetary output results applying the provision perspective^fo r the 
122 sector model are compared with results from a 42 sector model. Using both the 122 
sector model and the 42 sector model, the monetary output attributable to Hospitality sector 
purchases in each sector is presented. Differences in sector estimates from the two models 
are assessed. Results are presented in Table 7.2. It should be stressed that the work 
presented is not an attempt to test model closure as conducted by Druckman et al (2008). 
Both the 42 sector and 122 sector models closed perfectly. No environmental data are 
used, so there is no reference to the aggregation approach, linear scaling approach or the 
hybrid approach.
These equations apply the provision perspective.
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Output (£ million)
No. Sector 42 sec to r  m odel (£
million)
122 sec to r  m odel (£
million)
42 sec to r  result a s  a 
percentage o f the 122 
sec to r  result (£ million)
1 Agriculture 2776 2874 97
2 Forestry 37 37 99
3 Fishing 584 596 98
4 Mining coal, lignite, peat 23 23 99
5 Oil & gas extraction; services 254 256 99
6 Other mining inc metal ores 152 151 101
7 Meat products 5031 5127 98
8 Veg oils & fats 341 346 99
9 Dairy products 1158 1176 98
10 Sugar 177 179 99
11 Other food products 6784 6739 101
12 Drinks and tobacco products 17482 17466 100
13 Textiles 392 395 99
14 Wearing apparrel 161 163 99
15 Leather poducts 206 203 101
16 Wood products 220 221 99
17 Paper products and publishing 1142 1194 96
18 Petroleum, coke, nuclear fuel 2060 2078 99
19 Chemical,rubber,plastic prods 1596 1623 98
20 Mineral products 176 172 102
21 Ferous metals 252 256 98
22 Non-ferous metals 171 174 99
23 Metal products 341 339 100
24 Machinery & eguipment nec 584 586 100
25 Manufactured products nec 419 425 99
26 Electronic eguiment 693 700 99
27 Motor vehicles and parts 530 532 100
28 Transport eguipment nec 161 169 96
29 Production & distr electricity 1224 1233 99
30 Gas distribution; steam 333 335 99
31 Water collect, purify distribn 36 36 99
32 Construction 940 955 98
33 Transport nec (rail etc) 4803 4961 97
34 Water transport 151 156 97
35 Air transport 437 445 98
36 Trade 9504 10173 93
37 Telecoms, post & courier 2724 2762 99
38 Financial services nec 4144 4067 102
39 Insurance 1611 1649 98
40 Business services nec 14306 15515 92
41 Recreation and other services 1704 1737 98
42 Public admin, defense, educn 1660 1571 106
Table 7.2: Output attributable to Hospitality sector purchases.
For each sector (e.g. Agriculture) in Table 7.2, the output attributable to Hospitality 
expenditure for that sector (e.g. Agriculture) is presented using the two different model 
aggregations.
Addressing the ‘40 sector sufficiency’ task, the 42 sector model appears to estimate
similarly to the 122 sector model for most sectors. Clearly however, a small amount of
output error is generated from the more aggregated 42 sector model as observed from the
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highlighted cells in the column ‘42 sector results as a percentage of the 122 sector 
results’^ ^^ . In this study we take the view that the use of more disaggregated data leads to 
more accurate results. Miller and Shao (1990) state that this is generally the practice in the 
literature (and so too it seems in the EIO literature e.g. Su et al 2010 and Chakraborty et al 
2010), it should however, be acknowledged that some do not take this view. Differences 
for these highlighted sectors are seen more clearly in Figure 7.1 below
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Figure 7.1: Output attributable to Hospitality sector purchases, for ‘worst case’
sectors.
The largest differences are observed in the service sectors, this finding is consistent with 
Chakraborty et al (2010).
Comparisons of the 42 and 122 sector results has been from a comparable 42 sector level so 
far. If monetary output multipliers are reported however, as opposed to just monetary 
output, it is possible to more comprehensively compare results. Output multipliers are
215 In Table 7.2, four sectors are highlighted in yellow. For these sectors, output of the 42 sector model are more than 3% percent lower 
than output o f the 122 sector model. Interestingly for the one sector highlighted in blue (for the 42 sector model) output is estimated 
more than 3% above that of the 122 sector model.
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derived by dividing the estimated output attributable to Hospitality expenditure (in eaeh 
sector) by the Hospitality expenditure in each sector. One can compare output multipliers 
of each of the 122 seetors with its aggregated sector equivalent from the 42 sector model. 
Appendix 7.2 presents these output multipliers.
For the majority of the sectors, 42 sector and constituent sub sector multipliers (from the 
122 sector output multipliers) were s i m i l a r ^ T h i s  finding more comprehensively 
confirms the findings from results presented in Table 7.2.
Now that results for monetary output have been reported, the ‘40 sector sufficiency’ task 
and the ‘key sector disaggregation’ task are examined for GHGs and food.
7.3 40 sector sufficiency task: GHGs
In this section the ‘40 sector sufficiency task’ is first examined for GHGs. Results when 
applying the aggregation approach, linear scaling approach and the hybrid approach for 
GHGs are presented in Table 7.3. These results will inform the ‘40 sector sufficiency task’ 
(and later in section 7.4, the ‘key sector disaggregation’ task for GHGs)
Before results are described, it is important to realise that for the linear scaling approach, 
environmental accounts were initially 93 sectors (as opposed to 40 in Su et al (2010)) so 
only limited use of the assumptions of the linear scaling approach were required to 
provide a 122 sector model. This brings more robustness to results of the linear scaling 
a/7/ 7roac/i presented here. ^
This means that multiplying each o f the 42 sector output multipliers (with each o f  the 122 sectors expenditure) to estimate output for 
each of the 122 sectors, would result in similar output as generated when the 122 sector multipliers are applied.
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GHGs
No. Secto r
A B C D E
Aggregation
approach
Linear scaling 
approach
Hybrid
approach
Aggregation
approach
Hybrid
approach
linear scaiing 
approach
linear scaling 
approach
42 sectors 122 sectors 122 sectors - -
M t C02e M t C02e M t C02e % %
1 Agricu ltu re 3.8 4.1 4.1 93 100
2 Forestry 0.0 0.0 0.0 93 100
3 Fishing 0.3 0.3 0.3 96 100
4 M in ing  coal, lign ite , peat 0.0 0.0 0.0 100 100
5 Oil &  gas extrac tion ; services 0.1 0.1 0.1 99 100
6 O ther m ining inc metal ores 0.0 0.1 0.1 62 100
7 M eat p roducts 2.7 2.9 2.7 92 93
8 Veg oils &  fa ts 0.1 0.1 0.1 95 91
9 Dairy products 0.7 0.8 0.8 93 94
10 Sugar 0.1 0.1 0.1 94 98
11 O ther food  products 2.7 2.7 2.8 99 101
12 Drinks and tobacco products 4.5 4.6 5.2 98 113
13 Textiles 0.1 0.1 0.1 97 100
14 W earing apparrel 0.0 0.0 0.0 93 100
15 Leather poducts 0.0 0.0 0.0 101 98
16 W ood products 0.1 0.1 0.1 95 100
17 Paper p roducts and publishing 0.3 0.4 0.4 65 100
18 Petro leum , coke, nuclear fue l 1.6 1.6 1.6 99 100
19 C hem ical,rubber,plastic prods 0.4 0.5 0.5 79 100
20 M inera l products 0.1 0.1 0.1 96 100
21 Ferous metals 0.2 0.2 0.2 97 100
22 Non-ferous m etals 0.1 0.1 0.1 48 100
23 M eta l products 0.1 0.1 0.1 91 100
24 M achinery &  equ ipm ent nec 0.1 0.1 0.1 94 100
25 M anufactured products nec 0.1 0.1 0.1 91 100
26 E lectronic equ im ent 0.0 0.0 0.0 94 100
27 M o to r vehicles and parts 0.0 0.0 0.0 93 100
28 Transport equ ipm ent nec 0.0 0.0 0.0 91 100
29 Production & d is tr e lec tric ity 1.8 1.8 1.8 100 100
30 Gas d is trib u tio n ; steam 0.4 0.4 0.4 100 100
31 W a te r co llect, pu rify  d is tribn 0.0 0.0 0.0 94 100
32 Construction 0.2 0.2 0.2 95 100
33 Transport nec (rail etc) 1.6 1.4 1.4 112 100
34 W a te r tra n sp o rt 0.2 0.2 0.2 101 100
35 A ir tra n s p o rt 0.7 0.7 0.7 100 100
36 Trade 1.9 2.1 2.1 91 100
37 Telecoms, post & courie r 0.4 0.4 0.4 97 100
38 Financial services nec 0.4 0.4 0.4 106 100
39 Insurance 0.2 0.2 0.2 95 100
40 Business services nec 1.4 1.7 1.7 81 100
41 Recreation and o th e r services 0.2 0.3 0.3 84 100
42 Public adm in, defense, educn 0.3 0.8 0.8 42 100
Table 7.3: Results for GHGs applying the aggregation approach, linear scaling 
approach and the hybrid approach.
With regards to the ‘40 sector sufficiency’ task, it would appear from Table 7.3 that for
GHGs 42 sectors is a reasonably suffieient level of disaggregation for a good number of
sectors. For a small number of sectors however the 42 sector model appears to estimate
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very differently from the 122 sector model. Differences in sector estimates between the 42 
sector {aggregation approach) and the 122 sector {linear scaling) model for GHGs were 
generally found to be larger in this study than differences in sector estimation of CO2 
between a 42 sector model {aggregation approach) and 122 sector model {hybrid 
approach) of Su et al (2010)^^^. In Table 7.3, Column D presents the aggregation approach 
(42 sectors) as a percentage of linear scaling approach. In this column, cells highlighted in 
yellow and blue indicate those sectors where estimation using the 42 sector model is 
substantially different from those estimates of the 122 sector model. Differences in the two 
models estimates’ for the highlighted sectors are presented more clearly in Figure 7.2 
below.
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Figure 7.2: Results for GHGs applying the aggregation approach and the linear 
scaling approach for selected sectors
Although not 100% directly comparable, the higher differences observed in the UK approach may relate to the fact that UK 
environmental accounts (93 sectors for GHGs) are initially much more sector disaggregated than those used for China (44 sectors for 
CO2). It should however be realised that this is speculative.
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As with monetary output, aggregation effects on service sectors are apparent, but also quite 
a range of manufacturing sectors such as Paper products and publishing. Chemical, rubber 
and plastic products, and the Non ferrous metals sector.
Comparison conducted in Figure 7.2 and Table 7.3 have been on a comparable 42 sector 
basis. If however results are to be comprehensively assessed, GHG multipliers must be 
developed in order to allow effective comparison. GHG multipliers (millions of tonnes of 
GHGs per million £) are derived by dividing the estimated GHGs attributable to Hospitality 
expenditure (in each sector) by the Hospitality expenditure in each sector. The GHG 
multipliers generated from both the 42 sector results and the 122 sector results are 
presented in Appendix 7.3. It was found that for 48 of the 122 sectors, applying the 42 
sector GHG multipliers to estimate GHGs for detailed individual sub-sectors results in 
estimated embodied GHGs being a quarter higher or lower than if 122 sector multipliers are 
applied. This difference can be seen purely by comparing GHG multipliers. The GHG 
multipliers of concern (in red) are produced from the 1 2 2  sector model and are reported in 
Figure 7.3. Only sectors where significant difference exists (between 42 and 122 sectors) 
are presented. Aggregated 42 sector results are presented first (blue), followed by sub 
sectors (in red).
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It can be seen from Figure 7.3 that some of the sub sector GHG multipliers derived from 
the 1 2 2  sector (linear scaling) model are orders of magnitude higher than their aggregated 
equivalent^*^. The scale of difference (and the problem) observed from comparing GHG 
multipliers is not at all represented when just comparing embodied GHG estimates on a 42 
sector basis (as presented in Table 7.3). This highlights the importance of comparing 
environmental (e.g. GHG) multipliers when assessing aggregation of EIO models, 
something not mentioned by other studies. The ‘key sector disaggregation’ task is now 
looked at.
7.4 Key sector disaggregation task: GHGs
Analysis for the key sector disaggregation task is now c o n d u c t e d ^ I n  column E of Table
7.3 (on earlier pages) it can be seen that the hybrid approach (applied for just the Food and 
drinks manufacturing sector) produces a GHG estimate for the Drinks and tobacco products 
sector (sector 12) that is 13% higher than observed using the linear scaling approach. For 
the Vegetable oils and fats sector a GHG estimate is produced that is 9% lower. Both 
models ran at the same number of sectors (1 2 2 ).
Given that these percentages are not above or below 30%, the Food and drinks 
manufacturing sector’s initial GHG data (when the hybrid approach was applied) is not 
seen as an ‘important data item’ and therefore not a key sector for disaggregation of GHG 
data. If specifically researching the GHG impacts of the Meat processing, or the Vegetable 
oils and fats sector then it would make sense to disaggregate environmental data (using the 
hybrid approach). Results for the different models in estimating food waste are now 
examined.
7.5 40 sector sufficiency task: food waste
Again in this section the ‘40 sector sufficiency task’ is firstly examined. Results for food 
waste using the aggregation approach, linear scaling approach and the hybrid approach
From the 42 sector (aggregation approach) model.
Whether one should strive to attain higher overall disaggregation of datasets (from actual data) or whether analysts and government 
should aim for disaggregation o f particular key sectors.
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are presented in Table 7.4. These results will inform the ‘40 sector sufficiency task’ (and 
the ‘key sector disaggregation’ task in section 7.6)
Food w aste
No. Sector
A B C D E F
Linear 
scaling 
approach 
(42 sectors)
Hybrid 
approach 
(42 sectors)
Linear
scaling
approach
(122
sectors)
Hybrid
approach
(122
sectors)
Linear scaling 
approach (42
sector)
Hybrid 
approach (122 
sector)
linear scaling 
approach (122 
sector)
linear scaling 
approach (122 
sectors)
OOO's o f 
tonnes
OOO's o f 
tonnes
OOO's o f 
tonnes
OOO's o f 
tonnes
% %
1 A gricu lture 35.9 29.8 35.4 21.8 101 62
2 Forestry 0.0 0.0 0.0 0.0 162 108
3 Fishing 2.1 1.5 2.1 0.8 103 37
4 M ining coal, lignite, peat 0.0 0.0 0.0 0.0 259 102
5 Oil & gas extraction; services ; 0.1 0.1 0.1 0.1 151 106
6 O ther m ining inc metal ores 0.2 0.2 0.1 0.1 173 106
7 M eat products 252.4 724.1 250.6 717.6 101 286
8 Veg oils & fats 18.0 2.6 17.8 2.4 101 13
9 Dairy products 53.0 13.5 52.5 12.0 101 23
10 Sugar 10.4 8.3 10.3 8.2 100 79
11 O ther food products 346.0 206.1 339.0 215.5 102 64
12 Drinks and tobacco products 864.9 498.4 832.2 521.8 104 63
13 Textiles 0.6 0.6 0.3 0.3 213 103
14 W earing apparrel 0.3 0.3 0.1 0.1 219 110
15 Leather poducts 1.5 4 .0 1.1 3.0 139 277
16 W ood products 0.2 0.2 0.1 0.1 181 104
17 Paper products and publishing 1.3 1.2 1.1 0.8 121 77
18 Petroleum , coke, nuclear fuel 1.6 1.5 1.0 0.9 166 92
19 Chem ical,rubber,plastic prods 2.5 2.3 1.6 1.4 153 89
20 M inera l products 0.2 0.2 0.1 0.2 176 126
21 Ferous metals 0.4 0.4 0.2 0.2 227 104
22 Non-ferous metals 0.4 0.4 0.1 0.1 253 104
23 M eta l products 0.5 0.5 0.3 0.3 184 102
24 M achinery &  equ ipm ent nec 0.8 0.8 0.4 0.4 207 104
25 M anufactured products nec 0.5 0.6 0.3 0.4 170 125
26 Electronic equ im ent 1.3 1.3 0.5 0.6 239 102
27 M o to r vehicles and parts 0.7 0.7 0.3 0.3 238 104
28 Transport equ ipm ent nec 0.1 0.1 0.1 0.1 169 105
29 Production & d istr e lectric ity 0.8 0.8 0.5 0.5 166 106
30 Gas d is tribu tion ; steam 0.2 0.2 0.1 0.1 151 107
31 W ater collect, purify d istribn 0.0 0.0 0.0 0.0 142 104
32 Construction 0.7 0.7 0.4 0.4 174 98
33 Transport nec (rail etc) 7.0 7.0 5.6 5.6 127 100
34 W ate r transport 0.3 0.3 0.3 0.3 111 91
35 A irtra n s p o rt 0.7 0.7 0.6 0.6 116 93
36 Trade 88.0 87.2 44.1 44.0 199 100
37 Telecoms, post & courier 4.4 4.4 3.7 3.6 121 99
38 Financial services nec 3.6 3.6 3.0 3.0 122 101
39 Insurance 1.8 1.8 1.3 1.3 134 100
40 Business services nec 12.1 11.8 12.2 11.7 99 96
41 Recreation and o the r services 3.1 2.7 2.5 1.9 126 77
42 Public admin, defense, educ 3.4 3.4 2.4 2.4 143 100
Table 7.4: Results for food waste when applying the aggregation approach, linear 
scaling approach and the hybrid approach.
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Using results presented in Table 7.4, the ‘40 sector sufficiency task’ is addressed. Column 
E of Table 7.4 presents the linear scaling approach (42 sector) as a percentage of the 
linear scaling approach ( 1 2 2  sector). In the column, the sectors for which differences in 
food waste estimation (from the models) were highest are highlighted in blue.
There are clearly some very large differences in sector estimates between the 122 and 42 
sector models. It is not however, possible to provide any valid insight on the ‘40 sector 
sufficiency task’ for food waste due to the number of sectors for which the linear scaling 
approach was applied to disaggregate data. The heavy use of this approach and its inherent 
assumptions was required to increase food waste data disaggregation from 22 sectors to 42 
and 122 sectors. This result underlines a problem in practical use and in understanding 
sensitivities and uncertainties (for EIO modelling) of heavily aggregated data.
7.6 Key sector disaggregation task: food waste
We now move on to look into the ‘key sector disaggregation’ task. To provide insight we 
present the hybrid approach ( 1 2 2  sector) as a percentage of linear scaling approach ( 1 2 2  
sector). These percentages are provided in column F of Table 7.4. From these percentages 
it can be seen that some sector estimates from the hybrid approach are a lot higher than 
those of the linear scaling approach (above 270%) for sectors highlighted in blue. Sectors 
estimates that were a lot lower than the linear scaling approach (less than 65%) are 
highlighted in yellow. Eight of the sectors are highlighted, quite a number. Differences in 
food waste estimates for the highlighted sectors are demonstrated more clearly in Figure 
7.4.
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Figure 7.4: Results for food waste in selected sectors when applying the linear scaling
approach and the hybrid approach.
The large difference in the hybrid approach estimates observed in Figure 7.4 is generated 
as a result of avoiding the linear scaling assumptions used to disaggregate the Food and 
drinks manufacturing sector and instead applying actual data to disaggregate the sector. 
Clearly it appears that the disaggregation using the hybrid approach for just one sector 
(with actual environmental data) makes a large difference to sector food waste estimation.
In the environmental accounts used for the hybrid approach (adjusted using earlier 1999 
data) the Meat processing sub-sector contained most food waste, of the twelve Food and 
drinks manufacturing sub-sectors. This is what leads to the very large differences between 
the hybrid approach and the linear scaling approach. Another factor that leads to large 
difference between approaches is that the Food and drinks manufacturing sector has the 
highest reported food waste of all sectors in the environmental account. Although the 
broad findings of the results are thought to be correct, the results presented here relied on
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poor data (though broadly verified) to enable disaggregation using the hybrid approach 
(described for the Food and drinks manufacturing sector in sub 4.3.2 of Chapter 4).
7.7 Discussions
This section discusses results with regards to the ‘40 sector sufficiency’ task and the ‘key 
sector disaggregation’ task. The ‘40 sector sufficiency’ task for monetary output modelling 
is the focus at the start of the section. Discussion of the same task and the ‘key sector 
disaggregation’ task then occurs for GHGs and food waste.
7.7.1 ‘40 sector sufficiency’: monetary output
When the ‘40 sector sufficiency’ task was examined for monetary output, it was found that 
aggregation of 122 sectors to a 42 sector model had negligible effect on the estimated 
output attributable to sectors in most cases, excluding a small number of service sectors. 
The finding is consistent with Chakraborty et al (2010), and was supported by more 
comprehensive assessment of output multipliers^^^.
The finding of generally negligible effect from sector aggregation is in line with results 
observed for regional model applications by Doeksen and Little (1968), Williamson (1970), 
and Hewings (1972). However, as with these latter authors, this study was also initially 
fairly aggregated, starting at 122 sectors. Given the initial pre-aggregation^^^ level of data 
used in the more detailed 1 2 2  sector model, interpreting the robustness of the above finding 
is not straightforward and discussion will be conducted to provide more insight.
Stevens and Trainer (1976) cited in Lahr and Stevens (2002) find that output errors (from 
aggregation) strongly increase with decreasing matrix size (from the 1 0 0  sector level) at 
least until the point at which ‘very small’ matrix sizes are achieved. From this one may 
think that the pre-aggregation level that this study starts from ( 1 2 2  sectors), is high enough 
to enable the issue of pre-aggregation level to be nullified. In the Stevens and Trainer
There were however, a small number o f sectors for which comparison o f output multipliers revealed greater difference.
The pre-aggregation level o f data is the original number o f sectors for initial data before any o f the approaches {aggregation, linear 
scaling or hybrid) or aggregation is applied.
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(1976) study however, the pre-aggregation 100 sector I-O models applied were produced 
from coefficients that were randomly generated, for the aggregation simulations. Lahr and 
Stevens (2002) state that this was purposefully done, so that the 1-0 data would more likely 
reflect model aggregation levels of 500 sectors than a typical 100 sector table. With this 
being the case, the pre-aggregation level of this study ( 1 2 2  sectors) is not necessarily high 
enough to enable the issue of pre-aggregation to be nullified. Therefore, the issue is a 
source of uncertainty. The pre-aggregation level of this study therefore may have 
contributed to the finding that only small differences in estimated output (£ money) are 
seen when comparing the 42 sector model results with 122 sector model results. This is 
important because effects from purely economic data aggregation will feed through into 
EIO models (as these models only extend the 1-0 model) and results in CLARE-indirect.
Countering this, Chakraborty et al (2010) found that for Canada data, aggregation does not 
have that much impact even when starting with much higher pre-aggregation levels, but as 
identified in the introduction to this study they did not look at output multipliers and the 
paper has not been published in ajournai as yet. It would be insightful to have evidence for 
other countries on whether aggregation from 500+ sectors to roughly 100 sectors in 1-0 
models has much impact on sector output estimation. Lahr and Stevens’s (2002) regional 
modelling study states that with regards to national 1-0 studies (not EIO): aggregation is no 
longer a dominant empirical issue. Given what is written in their article however, one has 
to assume that the authors are referring to the case in the USA (their country where 
aggregation of 1-0 data is around 500 sectors) and not the UK where 1-0 data is aggregated 
at 1 2 2  sectors.
A further source of uncertainty and ‘masking’ of output error can be induced in the 
construction of 1-0 tables by government themselves. In some situations practitioners who 
construct 1-0 data for government, apply non survey methods. For example, biproportional 
techniques and related matrix balancing algorithms are used to adjust input-output data 
(Lahr and De Mesnard 2004). This is before EIO analysts such as the current author have 
access to any 1-0 data. This procedure is necessary in constructing input-output tables to
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be used for 1 - 0  modelling but could ‘smooth over’ the observed affects from changing the 
level of disaggregation in 1 - 0  models seen by analysts such as the current author.
In practice in the UK however, the analyst has a choice between 122 sectors or some 
aggregated level such as 42 sectors. In this practical situation, it can be said that sector 
aggregation to a 42 sector model is sufficient to produce estimates close to those generated 
from a 122 sector model for most sectors. This is a useful finding in further informing the 
source of any aggregation effects for GHGs and food waste.
7.7.2 ‘40 sector sufficiency’: GHGs
When the ‘40 sector sufficiency’ task was examined with reference to food waste, due to 
the extent of aggregation of food waste data and the necessary extensive use of the linear 
scaling approach and its assumptions, very little robust comment could be made on 
whether 40 sectors is a sufficient level of disaggregation when viewing results for sectors. 
For this reason results for GHGs are the focus here.
For EIO models, the ‘40 sector sufficiency’ task was examined with reference to GHGs. 
This was done using the 122 sector {linear scaling approach) and the 42 sector 
aggregation approach. Differences in estimates between the 42 and 122 sector models 
were not negligible for a number of sectors for GHGs. Given that economic data 
aggregation had minimal impact on monetary output, the bulk of effect observed has to 
have come from environmental data aggregation. Public administration and defence. Non 
ferrous metals. Other metals including mining ores, and Paper products and publishing 
sectors were substantially underestimated by the 42 sector model and five other sectors 
were found to have quite different estimates^^^. For those sectors that the 122 and 42 
sector GHG models estimated similarly (32 of the 42 sectors), the pre-aggregation level of 
economic and environmental data (122 and 93 sectors respectively) may again (like for 
output) be an issue in determining whether 42 sector modelling is actually sufficient.
^  It is more likely that the 42 sector model was estimating less accurately for the relevant sectors because initial environmental data 
used in the 122 sector model was 93 sectors, and only limited use o f (linear scaling) assumptions was required (to produce the 122 sector 
model).
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The highest level of disaggregation of EIO models available for the UK has been and is 122 
sectors (due to data availability). So in practice however, results indicate that for 32 of the 
42 sectors, the 42 sector {aggregation approach) model estimates similarly to the 122 
sector {linear scaling approach) when compared on a comparable basis (42 sectors as in 
Table 8.3). It was however, shown that GHG multipliers from the 42 sector model would 
estimate GHGs very differently if applied to estimate embodied GHGs for underlying sub 
sectors. This is an important finding and highlights the need to look at GHG multipliers 
when conducting analysis on sensitivities to data disaggregation. Given that indirect 
estimates for CLARE-indirect are for businesses within sub sectors, the finding clearly 
indicates that modelling at 42 sectors is generally not a sufficient level of sector 
disaggregation when attempting such EIO extensions as CLARE-indirect or detailed sector 
level analysis.
Given that the 122 sector model only applies limited use of the linear scaling approach, 
(assuming the 93 sector GHG accounts are valid) it is believed that the 122 sector 
multipliers should be preferred (and applied) when estimating for sub sectors underlying 
each of the 42 sectors.
7.7.3 Key sector disaggregation task: GHGs and food waste
For the ‘key sector disaggregation’ task analysis of GHGs indicated that the Food and 
drinks manufacturing sector is not a key sector for disaggregation of initial GHG data, 
based on available data used for the hybrid approach. Results may not be the same if more 
disaggregated analysis beyond 122 sectors were to occur. For food waste, the result was 
different^^^. It was found that disaggregation of environmental data for Food and drinks 
manufacturing (using the hybrid approach), leads to very large differences in food waste 
estimates compared to estimates achieved with the linear scaling approach^^" .^ The Meat 
products sector. Drinks and tobacco sector and Other food products sector all had food
Given that sector estimates o f the hybrid approach are for many sectors 30% higher or lower (as a percentage o f the linear scaling 
approach) the food and drinks manufacturing sectors environmental data is an important data item and therefore the Food and drinks 
manufacturing sector is considered a key sector to disaggregate.
The 122 sector (hybrid approach) model estimated food waste very differently to the 122 sector (linear scaling approach) model for 
eight sectors.
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waste estimates that were very heavily affected. These sectors are important as they 
produce substantial amounts of food waste and often have quite high amounts of waste 
embodied in their final products. These results show that it matters which approach (linear 
scaling or hybrid) is taken. They also indicate that for food waste, the Food and drinks 
manufacturing sector is a key sector for disaggregation.
Due to the extent of improved estimation from applying the hybrid approach, results 
support a hypothesis that: in some situations disaggregation of environmental data for one 
or two key sectors can be as, if not more important than, attaining a generally higher level 
of disaggregation across a whole dataset. For example, if food waste data were 
disaggregated by exactly the same level of aggregation as the 93 sector GHG accounts 
(with no disaggregation of Food and drinks manufacturing), one would have to say that 
results of the hybrid approach here (with initial aggregation to 22 sectors for 
environmental data) could well be preferable to results applying the linear scaling 
approach with the 93 sector environmental accounts. This is because the 93 sector 
accounts do not have the key Food and drinks manufacturing sector present in a 
disaggregated form. This challenges Su et al’s (2010) statement:
“Where data availability is not an issue, it is therefore logical that given two studies the one 
with a higher level of sector disaggregation is to be preferred.” (Su et al 2010, page 173)
The findings from using the hybrid approach for just one sector, also add weight to Lenzen 
and Peters (2010) assertion of the importance of disaggregating initial environmental data 
for particular sectors.
Beyond key sectors, there is also a wider finding. Assuming external data used for the 
hybrid approach is valid and given observed differences, findings supports Su et al’s 
(2 0 1 0 ) conclusion that the hybrid approach is the preferred approach.
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7.8 Conclusions
The chapter has produced results that provide some insight and knowledge in the 
investigation of whether 40 sectors is a sufficient level of sector disaggregation when 
examining results for individual sectors for the UK (‘40 sector sufficiency’ task). Results 
have direct relevance to CLARE-indirect (as estimation takes place at a sector level) as well 
as wider UK EIO modelling. The chapter also adds evidence to the question of whether 
one should strive to attain higher overall disaggregation of datasets using the hybrid 
approach or whether analysts and government should aim for disaggregation of particular 
key sectors using the hybrid approach (the ‘key sector disaggregation’ task). The sector of 
focus in the latter analysis (for Food and drinks manufacturing) is critical in estimating 
indirect emissions and water use estimates for Food retail business in CLARE-indirect.
In this section, conclusions are firstly drawn for the ‘40 sector sufficiency’ task for 
monetary output.
In practice in the UK, the analyst has a choice between 122 sectors or some aggregated 
level (e.g. 42 sectors) from which to develop an 1-0 model. In this practical situation 
results indicate that for most sectors, aggregation to a 42 sector model is sufficient to 
produce comparable monetary output estimates to those of the 122 sector model. This is 
not to however say that 42 sectors is sufficient for accurate estimation, only that it produces 
comparable figures. Although a useful conclusion to 1-0 and EIO analysts, for 1-0 table 
producers all that the finding identifies is that from the all ready heavily aggregated data^^^, 
further aggregation to 42 sectors does not generate much additional error for most sectors. 
This conclusion is drawn as from the work of Stevens and Trainer (1976) it was determined 
that the pre-aggregation^^^ level of UK 1-0 tables (122 sectors) is not necessarily high 
enough to avoid the pre-aggregation level (of input-output data) from being a source of 
uncertainty. This study was unable to confirm whether aggregation of national 1-0 data is a 
problem, because it was not possible to produce evidence beyond 122 sectors. From this
This study considers 122 sectors to be quite heavily aggregated compared to USA input-output data where sector disaggregation can 
be around 500 sectors.
The pre-aggregation level o f data is the original number o f sectors in initial data before any aggregation of 1-0 data is applied.
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one can conclude that UK aggregation of 1-0 tables at a national level is still a relevant 
empirical issue.
A key lesson brought out by Stevens and Trainer (1976) and this chapter, which applies to 
the sufficient data disaggregation debate, is that in comparative studies such as conducted 
here, results depend on where you compare from e.g. 122 sectors or 500+ sectors^^^. 
Analysts should thus consider and account for this when reporting findings from 1-0 and 
EIO model aggregation studies.
For estimating GHGs in the UK, in practice the analyst has a choice between 122 sectors or 
some aggregated level such as 42 sectors. In this situation results indicate that for 32 of the 
42 sectors, the 42 sector (aggregation approach) model estimates sufficiently close to the 
122 sector (linear scaling approach) when compared on a comparable basis (42 sectors). 
Although in practice the finding is useful, it should be realised that in identifying if 42 
sectors really is a sufficient level of disaggregation, the pre-aggregation issue is again a 
source of uncertainty. There were at least eight sectors for which substantial differences in 
estimation of GHGs for sectors resulted from aggregating the model to 42 sectors. 
Assuming the 122 sector (linear scaling approach) estimates are more robust which is 
thought to be the case, then this latter result suggests that modelling at this more aggregated 
level is insufficient for estimation of these eight sectors. Critically however when 
comparing use of GHG multipliers developed at 42 and 122 sectors, so using 42 sector 
GHG multipliers to estimate GHGs for sub sectors (each of the 122 sectors underlying the 
42 sectors) would result in very different estimates (for very many sectors) than if 122 
sector GHG multipliers were applied to sub sectors. Again, assuming the 122 sector GHG 
multipliers are more reliable (which is thought to be the case^^^) it is concluded that more 
disaggregated multipliers should be applied when estimating for sub sectors underlying the 
42 sectors, e.g. 122 sector modelling (or more disaggregated). These latter findings have
227
The pre-aggregation issue may have implications for Su et al’s (2010) finding that 40 sectors is a sufficient level o f model 
disaggregation to provide the overall shares o f emissions embodied in the exports o f a country. It should be realised that this is however 
speculative. Similar research at the level o f detail o f Chackraborty et al (2004) (or more) are required in order to further assess, 
aggregation effects on CO2 and GHGs and to provide evidence on whether pre-aggregation issues are also relevant to EIO models.
As minimal use o f the linear scaling approach was required.
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considerable relevance to CLARE-indirect and detailed sector level modelling, as they 
indicate that 42 sector modelling is generally insufficient in EIO extensions such as 
CLARE-indirect.
For the ‘key sector disaggregation task’ it was indicated that the Food and drinks 
manufacturing sector is a key sector to disaggregate (with real data avoiding the linear 
scaling approach) for food waste, but not for GHGs (unless specifically researching a Food 
and drinks manufacturing sub sector). Findings demonstrate that practitioners should avoid 
applying linear scaling assumptions for this key sector when assessing embodied food 
waste particularly in detailed sector led EIO applications and extensions such as CLARE- 
indirect. Government however must strive to provide more robust disaggregated data for 
this key sector as currently data for this sector (at a sector level) is heavily aggregated and 
data available to enable the hybrid approach are of a low level of robustness^^^. It should 
be noted that Defra and the FDF (2008) produced a very good, spatially disaggregated 
study of food waste for the Food industry, however estimates are similarly aggregated at a 
sector level to that of the EA (2002) data.
With regards to the three approaches that can be applied to deal with aggregated 
environmental data the findings of this chapter primarily show that different outcomes 
occur from different approaches. Assuming external data used in the hybrid approach is 
valid, then this study is in agreement with Su et al’s (2010) conclusion that the hybrid 
approach is the preferred approach. This study indicates that the approach is worth doing 
for particular key sectors. The finding supports Lenzen and Peters’ (2010) assertion of the 
importance of disaggregating initial environmental data for particular sectors as opposed to 
as many sectors as possible when conducting the hybrid approach.
It should be noted that the more disaggregated environmental accounts for food waste used for Food and drinks manufacturing in the 
hybrid approach had to be estimated based on earlier data and a method presented in Chapter 4. Although this is so, the findings are 
thought to be reasonably well founded as disaggregation of the key sector does seem relatively consistent with indications from Eunomia 
(2008), but quite a level o f uncertainty does exist.
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CHAPTERS: 
INDIRECT ESTIMATES: COMPARISON WITH OTHER STUDIES AND 
ADVANCES
8.1 Introduction
This chapter compares final indirect emission estimates at a sector level (applied in the case 
study of Chapter 5) with comparable estimates from other studies and models, where data is 
available. This allows an indication of reliability and robustness of the best estimates 
applied in the case study of this PhD. Most comparable estimates were found to be for 
GHGs. Final indirect GHG emissions estimates are converted into a comparable (with 
other studies and models) form when required. Final estimates for water use, C&l waste 
and food waste are also presented. For the Food retail sector this is conducted in section
8.2. For the Hospitality sector it is conducted in section 8.3. Like Chapters 6  and 7, this 
work helps address the ‘uncertainties and sensitivities’ research question (3).
The best estimates for GHGs were developed using the Leontief matrix manipulation 
technique in conjunction with the hybrid approach to generate a 126 sector modeP^^. 
Creation of additional sectors in the technical coefficients matrix and Leontief has been 
conducted in the past (please see Joshi 2000), but to the best of my knowledge the Leontief 
matrix manipulation technique (described in section 4.4.1) of the methods section is 
different to methods described in Joshi (2000). The Leontief matrix manipulation method 
and the resulting 126 sector model for the UK are believed to be original and useful. For 
this reason, once presentation and comparison of final indirect GHG estimates has been 
conducted, the value added from using the 126 sector model and the Leontief matrix 
manipulation technique is assessed in section 8.4. This is assessed based on comparison of 
results with those of the 123 sector model applying the linear scaling approach. 
Discussions and conclusions are then presented in section 8.5.
Described in section 3.9 o f Chapter 3.
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8.2 Food retail sector products: indirect GHGs, water use and C&I 
waste
In this section, indirect GHG emissions attributable to food product types using the 126 
sector model are compared with those of other studies. Final estimates of water use, C&I 
and food waste attributable to food products (used in this study) are then presented together 
in comparable form.
8.2.1 Comparison GHG estimates for products
The results achieved using the 126 sector model is compared with those of other studies. 
This is presented in Table 8.1:
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Bradley (2010) for year 2004. Kerkhof et al (2009) for year 
2000.
Girod and de Haan (2009) 
for the period 2002 - 2005
De Vries 
and De 
Boer (2010)
Product Kg 0 0 2  eq/euro Kg C 02e/kg Product Kg C 02 eq/euro Product Kg C 02e/kg Kg C 02e/kg
Grain 
Milling and 
Starch
0.49 - Cake and 
biscuits
1.03
Rice
0.47
-
Flour 
products 
and groats
1.02
Bakery
0.61
Bread,
buscuits
etc.
0.50 0.87 Bread and 
rusks
0.96
Bread and cer
1.04
Meat
Processing 0.53 3.75
Meat 1.05 Beef 17.93 1 4 -3 2
Meat 
products 
and meat 
dishes
1.06
Lamb
14.35
Game 1.12 Meat (mixed) 10.71
Pork 5.71 3 .9 -1 0
Poultry 5.1 3.7 - 6.9
Veal 25.37
Fishing
products 0.37 Fish 1.35 Fish 10.71 -
Dairy
products
0.76 1.25
Milk and
dairy
products
1.77
C heese
10.09 -
Butter, 
cheese and 
eggs
1.86
Milk powder
6.98 -
Milk products 0.8 -
Oils and 
fats
0.29 0.63 Oils and 
fats
1.01
Vegitable o i l . 2.74 -
Animal fat 0.67 -
Butter 18.66 -
Fish and 
Fruit
Processing
0.49
Fruit 0.48 Fruits 1.44 -
Vegitables 0.86 Vegitables 1.52 -
Potatoes 1.96
Sugar 0.33 0.63
Sugar and 
sw eets 1.00 Sugar and sw( - -
Confectiona
ry
0.12 Chocolate 1.14 Chocolate - -
Soft drinks 0.40 0.4 Beverages
and
alcoholic
drinks
0.41
Drinks 0.26 -
Alcoholic
beverages
0.13 1.4
Spirits 2.91 -
Wine 2.91 -
Beer 1.04 -
Table 8.1: Results for indirect GHGs embodied in food products.
In Table 8.1 above, values of kg of C0 2 e/euro from this project are firstly compared with 
values of Kerkhof et al (2009). Excluding soft drinks and alcoholic beverages and fruit 
and vegitables, it can be seen that all estimates of GHGs from this study are at least 50% 
lower than that of Kerkhof et al (2009). Some explanation of the difference can be 
explained when looking at work by Kerkhof et al (2009a). Kerkhof et al (2009a) compared 
aggregate estimates of GHGs for Food and non-alcoholic beverages for the Netherlands and 
the UK. They reported estimates of GHGs for Food and non-alcoholic beverages product
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groups (aggregated to one category) at 0.86 kg COic/euro for the Netherlands and 0.66 kg 
COie/euro for the UK. So CO2 e/euro is lower in their results too. It should be noted that 
the model they used for the UK is not the same as that used in this study. Their model uses 
physical and chemical process analysis together with economic input-output. In some parts 
of their model, surrogate Dutch data are used to represent the UK. Although the models of 
Kerkhof et al (2009a) are somewhat different, their comparison indicates that the UK 
intrinsically has a lower embodied COie/euro intensity for food products than the 
Netherlands. This would explain why the estimates of this study are quite a lot lower than 
those of Kerkhof et al (2009).
There are however other reasons too why the estimates of this study are a lot lower than the 
GHG estimates for Dutch products. Firstly, Kerkhof et al (2009) include both direct and 
indirect emissions in their estimate. The estimates for this project do not include any 
GHGs occurring in the Food retail sector that may contribute to food products embodied 
emissions, as these are estimated in CLARE-direct. Secondly this project does not re­
attribute GHGs embodied in gross domestic fixed capital formation (GDFCF) final 
demands to those sectors that generate the final demands, as this would detract from the 
GHG impacts of sectors that provide these final demands. Also this cannot be accurately 
done for the current study, even it were the aim.
Additionally, the estimates by Kerkhof et al (2009 and 2009a) allocate use phase emissions 
e.g. GHGs from car use for groceries to food and drinks products. This study does not 
include use phase emissions as this does not fit with the industry focused provision 
perspective. The latter difference in methodology is likely to produce substantial 
differences in estimates. One further point to address is that the estimates of Kerkhof et al 
(2009 and 2009a) are for the year 2000, this study’s results are for 2004. Ideally Kerkhof et 
al’s estimates would be price adjusted, but they are not^^\ In a four year period, some 
sectors may have seen reductions in their GHG intensity per unit of production. This
231
One could attempt to price adjust the results o f Kerkhof et al (2009) to the year 2004, this is however not possible as estimates are 
for embodied GHG emissions per euro, so it would be very difficult to decipher the exact contribution o f each industry to these estimates 
in monetary terms.
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would potentially cause later year GHG intensities to be lower, as would use of a later price 
base. It should be noted that both studies apply the domestic technology assumption when 
estimating GHG emissions embodied in imports, so differences do not relate to how 
imports are dealt with.
To summarise, the differences between the studies will most likely relate to intrinsic 
differences between Holland and the UK, differences in years of publication and 
differences in the capture of use phase emissions.
With regards to measuring GHGs in terms of kg CO2 /kg, in this project it was possible to 
estimate GHG in this way (using COICOP and FES data) for bread and biscuits, meat 
processing products, dairy products, oils and fats, sugar, soft drinks and alcoholic 
beverages. Table 8.1 displays values in the same form for two other studies: Girod and de 
Haan (2009) and De Vries & De Boer (2010). These can be compared.
It can be seen that for bread and biscuits the estimates by Girod and de Haan (2009) is 
fairly similar to the current study, though slightly higher. For meat products Girod and de 
Haan (2009) and De Vries & De Boer (2010) present a range of values for different meat 
products, ranging from 3.7 to 32 kg CO2 /kg. The estimate for the current UK study is an 
aggregated GHG estimate for meat products, the most dominant meats consumed in terms 
of physical quantity within the category are Pork and Poultry making up 42% in terms of 
physical amount, the other meat products category made up an additional 38% of the 
physical amount. Comparing to the other studies, it would seem that the current study’s 
estimate of GHGs embodied in meat is on the low side, given that the category also 
includes some beef and lamb quantities.
In the case of the aggregated category dairy products, milk makes up 6 6 % of the physical 
amount for this category, other milk, yogurt, butter and ice cream make up 2 1 % and cheese 
makes up roughly 4%. Given that milk (as opposed to cheese and milk powder) is the 
dominant product, the current study’s estimate for this product category looks to be 
reasonably comparable with the value for milk products by Girod and de Haan (2009).
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For the aggregated UK category Oils and fats, the dominant product in terms of physical 
quantity is margarine, though 28% of physical weight is from olive oil and other edible oil. 
Margarine tends to be made from various vegetable oils. Given that the majority of the oils 
and fats category would seem to be vegetable oils and fats in one form or another, 
comparing the estimate with that of vegetable oil of Girod and de Haan (2009) our estimate 
is quite a lot lower. For sugar, Kerkhof et al (2009) and Girod and de Haan (2009) do not 
have estimates.
With regards to soft drinks, the GHG estimate of this study is quite a bit higher than that of 
Girod and de Haan (2009), it was however very similar to the aggregated estimate of 
Kerkhof et al (2009). For the aggregated alcoholic beverages category, beer makes up 
48% of the physical amount of this category, wine makes up 31%. With this being the 
case, the aggregated estimate of this project compares similarly to that of Girod and de 
Haan (2009).
To conclude, the GHG estimates of this study are reasonably comparable to those of Girod 
and de Haan (2009) for the categories: Bread and biscuits etc, dairy products, and alcoholic 
beverages. Estimates for GHGs embodied in soft drinks are higher. Estimates for meat, 
and oils and fats look to be lower than those of Girod and de Haan (2009) and De Vries & 
De Boer (2010).
8.2.2 Comparison of indirect water use, C&I and food waste estimates for products
Final estimates of water use, C&I waste and food waste embodied in products are now 
presented in Table 8.2. Results are presented only for products for which estimates of 
emissions or water use per physical unit could be generated, as without viewing in this 
form estimates are a bit meaningless when viewed on their own (e.g. one estimate of C&I 
waste per euro etc.). Please view results for food products not presented in Appendix 8.1
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P roduct group W ater (kg of 
w ater/kg of product)
C&l w aste  (kg of 
w aste/kg of
Food w aste  (kg of 
w aste/kg  of
Bread and buscuits etc 29 0.2 0.1
Meat processing 61 0.7 1.0
Dairy products 14 0.1 0.0
Oils and fats 21 0.2 0.0
Sugar 11 0.1 0.1
Soft drinks 9 0.1 , 0.0
Alcoholic beverages 30 0.5 0.1
Table 8.2: Results for water use, C&I waste and food waste embodied in food
products.
Table 8.2 identifies that water use is highest for Meat processing products, then Alcoholic 
beverages and Bread and biscuits etc. Interestingly soft drinks have the lowest embodied 
water use. This was initially a surprising finding, but from examination of input-output 
tables the results make more sense. The low estimate is thought to be due to the fact that a 
very tiny amount of purchases by the sector are made for Agricultural sector products 
(which tend to embody high amounts of water). All other food and drink product sectors 
purchase quite large amounts from the Agriculture sector (in terms of monetary value), 
particularly the Meat processing sector. For C&l waste and food waste meat processing 
products embody most waste^^^. Analysis of the indirect emissions and water use of food 
products is now complete. Final estimates of the indirect emissions and water use of the 
Hospitality sector are now presented and compared with other studies where possible.
8.3 Hospitality: indirect GHGs, water use, and C&I waste
The indirect emissions and water estimates of the Hospitality sector, later used for 
CLARE-indirect are presented in Table 8.3.
Hospitality sector indirect emissions and water use
Variable GHGs Water use C&l waste Food waste
Million tonnes 3 4 .1 1 6 6 2 6 1 .6
Tonnes per Em turnover 548 26710 91 25
For meat processing products the food waste estimate is higher than the C&I waste estimate. The reason for this is due to the fact that 
C&I waste data used in the model was heavily aggregated for the Food and drinks sub sector, and not disaggregated for sub sectors as it 
was for food waste. Due to data, resources and time, it was not possible to attain the same level o f disaggregation for C&I waste.
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Table 8.3: Results for indirect GHGs, water use, C&I waste and food waste for the
Hospitality sector.
In order to compare with other studies, we now identify our estimate o f direct and indirect 
GHGs attributable to the UK Hospitality sector and compare the estimate with estimates 
produced from online models (non-UK). Please see Table 8.4. This comparison is for 
GHGs, as most online models produce estimates of GHGs, but not water use and C&I 
waste.
Country USA USA USA Canada UK
Model available from Carnegie M ellon University, G reen Design Institute Bradley (2010)
Expenditure in sector Hotels and motels, 
including casino 
hotels
Other
accomodations
Food services and 
drinking places
Accommodation 
and food services
Hospitality
Expeniture Equivallent of UK Hospitality output (purcaser prices) O utput (in basic prices)
GHGs in Mt 00% (e) 106 107 110 40
1
Power generation 
and supply
Power generation 
and supply
Power generation 
and supply
Pesticides, 
fertilizer and other 
agricultural 
chemical 
manufacturing
Production & distr 
electricity
2
Hotels and motels, 
including casino 
hotels
other
accommodations
Food services and 
drinking places
Crop and animal 
production
Drinks and tobacco 
products
3
Oil and gas 
extraction
Oil and gas 
extraction
Cattle ranching 
and farming
Electric power 
generation, 
transmission and 
distribution
Agriculture
4
Waste 
management and 
remediation 
services
Waste 
management and 
remediation 
services
Milk Production Pipeline
transportation
M eat products
Top ten sectors 5
Petroleum
refineries
Cattle ranching 
and farming
Grain farming Coal mining O ther food products
6
Coal mining Petroleum
refineries
Oil and gas 
extraction
Accommodation 
and food services
Trade
7 Cattle ranching and farming
Coal mining Truck
transportation
Fishing, hunting 
and trapping
Business services nec
8
Paper mills General state and 
local government 
services
Petroleum
refineries
Distilleries Petroleum , coke, nuclear 
fuel
9
Pipeline
transportation
Pipeline
transportation
Waste 
management and 
remediation 
services
Oil and gas 
extraction
Transport nec (rail etc)
10
Truck
transportation
Air transportation Animal production, 
except cattle and 
poultry and eggs
Miscellaneous non 
metallic mineral 
product 
manufacturing
Dairy products
Table 8.4: Direct and indirect GHGs attributable to the Hospitality sector
The estimate of embodied (direct and indirect) GHGs of the Hospitality sector for this study 
and those estimates using a USA model for various sectors (conducted by inputting UK
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Hospitality sector output in monetary $ purchaser prices^^^) is presented in Table 8.4. The 
USA model did not have a sector equivalent to the Hospitality sector but they did have 
three Hospitality sub sectors: Hotels and motels including casino hotels; Other
accommodation; Food services and drinking places.
Clearly, the GHG intensity of the USA Hospitality sectors is a lot higher in Table 8.4. This 
is likely to be due to the differences in the nature of sectors themselves in terms of: 
accommodation type and facilities, size and type of foods and drinks provided. It may also 
be the result of the nature of infrastructure, e.g. electricity generation (e.g. more coal fired 
power stations for electricity generation) and transport etc. as well as distances travelled.
With regards to the order of the top ten sectors, the order of sectors from the current author 
are somewhat different but still similar to the USA and Canadian sectors. It is believed that 
the USA model presents sector estimates of GHGs produced by each industry (production 
perspective) but attributable to Hospitality sector monetary output. For the current author 
however, the provision perspective is applied and the top sectors are those with the most 
emissions attributable to Hospitality purchases in each of the sectors (excluding 2.9 million 
tonnes of direct GHGs occurring from electricity and fuel use of the Hospitality sector, 
added into the indirect estimate in Table 8.4)^ "^^ .
The top sector for the USA estimates and this study’s estimates are the same, production 
and distribution of electricity. In our study, however 5.2 million tonnes of (which includes 
direct and indirect emissions) GHGs are attributable the production and distribution of 
electricity as a result of Hospitality sector output. As stated, the USA studies seem to 
distribute Hospitality direct and indirect GHGs from a production perspective, according to 
which sectors generate the emissions. On this basis of presentation, the estimates of 
emission from Power generation and supply for the three USA estimates are much higher, 
between 47 to 63 million tonnes of GHGs (COie). The current study however, has a lot of
Conversion to purchaser prices was done, as relevant models were developed in purchaser prices.
These 2.9 million tonnes are however included in the estimate o f direct and indirect GHGs o f the Hospitality sector, fifth row in the 
table, far right column.
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attributable GHGs (indirect) for the Agriculture and Food and drinks manufacturing sub 
sectors. The Canadian model also shows these sectors to be important.
With regards to the proportion of direct and indirect emissions generated as a result of 
Hospitality sector output, it was not possible to determine this from the USA and Canadian 
models. Frey and Wiedmann (2008) however, estimate the direct and indirect CO2 
emissions of the Hospitality sector in the South West region of England. They estimate 
direct CO2 emissions to be 41% and indirect emissions to account for 59%. This is based 
on using a model for 2000/2001 and expenditure data for 2003. The direct emissions 
include electricity emissions that are generated as a result of the Hospitality sectors direct 
use of electricity (so consistent with this study).
Frey and Wiedmann (2008) also estimate methane (C H 4) and nitrous oxide (N2O), however 
in their study, these emissions are pretty much irrelevant as they estimate that CO2 
contributes 99.5% of all GHG emissions for the sector. This percentage is higher than 
other models^^^. Based on this assertion, we should in theory be able to compare these 
CO2 direct and indirect percentages with this study’s direct and indirect percentages.
This study estimates direct GHG emissions to account for 7% and indirect to account for 
93% of total GHGs that result from Hospitality sector output. Based on estimation, the 
amount of indirect emissions that Frey and Wiedmann (2008) estimate, looks too low. 
Some validation of this assertion is now provided. If their percentages hold at a national 
level, then for direct GHG emissions of the Hospitality sector in 2004 (5.29^^^ million 
tonnes) to be 41% of total GHGs, indirect emissions would have to be 7.6 million tonnes. 
Applying their percentages at the regional level, at a UK level, this would give a total 
GHGs estimate (direct and indirect) for the UK hospitality sector of about 12.9 million 
tonnes. This estimate seems extremely low, much lower than this study’s estimate and 
those of any of the online models displayed in Table 8.4. In order to provide a further UK
This compares with the USA and Canadian model estimating CO2 o f total GHGs in the range o f between 76 and 87%.
Direct GHGs of the UK Hospitality sector are known to be roughly 2.43 million tonnes for electricity use, and 2.86 tonnes from 
mainly fuel use.
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check of our overall GHG estimate a proxy estimate was developed using MRIO GHG 
estimates from Wiedmann et al (2008). Using this proxy Hospitality GHG emissions for 
Hospitality were estimated to be 34 million tonnes in 2004^^^. This is a little lower than our 
estimate, though reasonably close.
8.4 Value added from a 126 sector model
In this section results for GHGs attributable to household final demands in food relevant 
sectors using the 126 sector model are compared with results using the 123 sector model 
(applying the linear scaling approach). Such a comparison provides an indication of the 
value added from using the 126 sector model.
GHGs
No. Secto r
A B C
Linearscaling approach Hybrid approach (and  
m atrix m anipulation  
technique)
Hybrid approach linear  
scaling approach
122 sec to rs 126 sec to rs -
M t C 02e M t C 02e %
1 Agriculture 39.1 37.7 97
3 Fishing 0.1 0.1 100
8 M eat p roducts 11.4 11.6 102
10 Veg oils & fats 0 .4 0.4 100
11 Dairy products 7.8 10.2 131
15 Sugar 0.2 0.2 98
9
Processing and preserving o ffish  and  fish 
products; fruit and vegetab les 6.2 5.3 86
12 Grain miii products, s ta rch es  and starch  
products 1.5 1.5 98
13 Prepared  anim ai feeds 1.4 1.3 99
14
Bread, rusks and biscuits; m anufac tu re  of 
pastry  goods and cakes 4 .4 4.4 100
16 Cocoa; chocolate  and sugar 
confectionery 1.4 1.4 102
17 O ther food products 3 .2 3.2 100
18 Alcoholic beverages 2.6 . 2.6 100
19 Production o f m ineral w a ters  and soft 
drinks 2.1 2.1 99
20 Tobacco products 1.5 1.4 98
Table 8.5: Results using the linear scaling approach and the 126 sector model to 
estimate GHGs attributable to household final demands in food relevant sectors.
237 Estimates o f  GHGs attributable to all Hospitality final consumption were taken for 2004 from Appendix A of Weidmann et al (2008). 
The value was then divided by final consumption demand in 2004 (from UK 10 tables by Wiedmann 2 008a). This multiplier value was 
then multiplied by total output for the Hospitality sector in 2004 (again from Wiedmann 2008a).
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In Figure 8.5 it can be seen that results for the 126 sector model are quite different to the 
123 sector linear scaling approach results, for two sectors: Dairy products and Processing 
and preserving of fish and fish products; fruit and vegetables. The differences between the 
123 sector linear scaling and the 126 sector model is a result of the disaggregation of the 
Agriculture sector with real environmental data enabled by the Leontief matrix 
manipulation method. When applying 126 sector model to estimate GHGs embodied in 
the final demands of important Food retail product sectors, the model makes use of detailed 
Agriculture GHG coefficients relevant to the key Food manufacturing sectors^^^. This 
primarily happens in the first round of effects but also in some of the later rounds. The 
extra three Agriculture sub sectors^^^ are however assumed to make use of the same 
purchase structure as the aggregated Agriculture sector^ "^ .^ Although an important 
limitation of the approach, evidence from this PhD generally shows disaggregation of 
environmental data to be much more important than disaggregation of economic data, so 
the assumption is justifiable. The dominant (and most important) part of the relevant 
Agriculture sub sectors GHGs that are attributed to the Food manufacturing sectors’, will 
be captured in first round effects (for which Agriculture sub sector GHG coefficients will 
be most strongly used).
Although differences in GHG results between the 126 sector model and 123 sector model 
are interesting, the major result is actually the ability to present these 126 sector results and 
application of the hybrid approach in the first place, a direct result of the development of 
the Leontief matrix manipulation techniques which enables the hybrid approach to be 
implemented when detailed and disaggregated input-output (table) data are not available^'^^ 
It would not have been feasible (or perhaps possible) to attempt to disaggregate
The Production, processing and preserving o f meat and meat products sector. Processing and preserving o f fish and fish products: 
fruit and vegetables sector and the Dairy products sector.
Agricultural meat sector. Agricultural veg. and fruit sector and the Agricultural dairy sector.
Data was not available to produce a unique purchase structure (captured in the Leontief) for each o f the three Agriculture sub sectors.
It was realised that there was a strong need to disaggregate emissions coefficients for the Agriculture sector using the hybrid 
approach. Economic input-output (table) data was however, aggregated as just one Agriculture sector. This posed a major barrier to the 
implementation of the hybrid approach, as a prerequisite to applying the hybrid approach (and more disaggregated environmental 
coefficients) is having economic data (input-output table data including sector output) available at a more detailed and disaggregated 
level than environmental data.
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intermediate sales and purchases data for Agriculture based other previous methods 
described in Joshi (2000).
In the literature, solutions to the problem of aggregated input-output data (for the technical 
coefficient matrix) and disaggregation of an existing industry sector were methods such as 
Joshi (2000), where one uses detailed business level economic and financial data to 
disaggregate relevant sectors. When conducting LCA for a particular business this business 
data may be available for such an exercise but it can still take time. When the focus is on 
disaggregating the A matrix for an actual whole sub sector the method is not appropriate, 
due to the time it would take to collate data representative for a sub sector. Yet to apply 
the hybrid approach and attain detailed and disaggregated estimates of environmental 
impacts for particular sub sectors (not businesses), one must attain a disaggregation of 
input-output (inter-industry) data for the A matrix.
To overcome this problem, the current author developed the Leontief matrix manipulation 
technique that enables the hybrid approach to be applied when economic input-output data 
(for the Leontief) appears to be too aggregated. Please see section 4.4.1 of Chapter 4 for 
this method. Applying the method enabled the hybrid approach for key Agriculture sub 
sector to be applied when estimating emissions attributable to final demands of the Food 
and drinks manufacturing industries (ultimately used to estimate indirect impacts for food 
products of the Food retail businesses in CLARE-indirect).
The Leontief matrix manipulation technique is a useful technique for EIO analysts, as the 
hybrid approach is often the preferred approach when attempting to disaggregate 
environmental data and produce more disaggregated environmental coefficients for EIO 
models. This was demonstrated by Su et al (2010) and there is evidence for this in the 
current study. Also, this PhD has shown that disaggregation of environmental data is of 
very high importance for accurate direct (Chapter 6 ) and indirect (Chapter 7) emissions 
estimation. These earlier findings of the PhD highlight the value added of the Leontief 
matrix manipulation technique as a method of enabling the hybrid approach to be applied 
for environmental data when it would otherwise appear to not be possible. A second
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benefit of the technique is related to the low amounts of time and resources required to 
implement it.
8.5 Discussion and conclusions
This Chapter has compared sector level indirect emissions and water use estimates applied 
in the case study (Chapter 6 ) to those of other studies and models where this was possible. 
Best estimates of this study were in most cases found to be comparable to those of other 
studies although towards the lower side of those of other studies and models. The findings 
help inform the ‘uncertainties and sensitivities’ research question (3). Best estimates for 
GHGs were developed using a new Leontief matrix manipulation technique in conjunction 
with the hybrid approach to generate a 126 sector modeP"^ .^ It is believed this technique 
enabled more accurate final estimates of indirect emissions for the case study and is a 
useful technique alongside other disaggregation methods such as Joshi (2000). We now 
conclude in more detail on these topics.
In section 8.3 the final GHG estimates for various food and drinks products subsequently 
used in CLARE-direct were presented in a form comparable with other studies. It was 
found that estimates were generally reasonably comparable with other studies. There were 
however differences for products such as meat and oils and fats. Some of the difference 
was shown to relate to the different GHG intensity of food and non-alcoholic beverage 
sectors of the UK and Holland.
When indirect water use, C&I and food waste estimates for food and drinks products were 
observed (for products that it was possible to view emissions and water use per kg of 
product)^ the water use intensities were highest for meat processing products. Surprisingly 
soft drinks had the lowest water intensity. For C&I waste, meat products was again highest 
with alcoholic drinks coming out as a close second. For food waste, meat processing 
products were by far the most food waste intensive food category.
Described in section 4.4.1 o f Chapter 4.
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Final indirect GHGs, water use, C&I and food waste estimates from the 123 and 126 sector 
models were then presented (in section 8.3) for the Hospitality sector as totals for the sector 
and in terms of tonnes per £ million of turnover (used in the CLARE-indirect model). As 
for food and drinks products, GHG estimates were compared with figures from other 
models (by putting equivalent Hospitality monetary output into these other models). In 
order to enable comparison sector level direct and indirect emissions estimates had to be 
presented. It was found that this study’s GHG estimate for the Hospitality sector is quite a 
lot lower than observed from running the same monetary output figures in the USA and 
Canadian models. Differences in total GHG figures for the sectors are likely to relate to the 
different nature of equivalent USA and Canadian sectors, as well as the different GHG 
intensities present in various sectors of these economies. The top ten sectors contributing 
to the Hospitality sectors (direct and indirect) total GHGs from this study are broadly 
comparable with the types of sectors that come out in the top ten when using the USA and 
Canadian models. It was not possible to compare the percentages of direct and indirect 
GHG for Hospitality from the different models. Comparison of these percentages was 
however possible with Frey and Wiedmann (2008). The percentage direct and indirect 
GHGs for the Hospitality sector from their study were very different to the current study. 
Indirect GHGs in the current study are estimated to be much higher. Based on their 
percentages, it was demonstrated that Frey and Wiedmann (2008) are likely to be 
substantially underestimating GHGs (when comparing with the USA, Canadian and this 
study’s estimates). This however, could not be confirmed with absolute certainty.
The 126 sector model making use of the hybrid approach and the Leontief matrix 
manipulation technique is unique to this study and a useful technique. The strengths of the 
Leontief matrix manipulation technique is that it enables the hybrid approach to be 
conducted when detailed economic data are not available.
Although it has some limitations as earlier discussed, on balance the Leontief matrix 
manipulation technique is a useful and pragmatic technique that enables disaggregation of 
the A matrix and Leontief for sub sectors when detailed inter-industry input-output data is 
missing. The technique is relatively time efficient to employ and the result of this
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technique is that it enables the hybrid approach to be applied when economic data 
constraints would otherwise seem to act as a barrier to such an approach. It is an important 
innovation as this PhD has shown that the hybrid approach is the preferred approach for 
disaggregating environmental data and disaggregation of environmental data is generally 
much more important than disaggregation of economic data.
The ability to apply the hybrid approach to Agriculture, was a unique opportunity that 
resulted due to the availability of detailed and disaggregated data made available from two 
recent publications: Audsley et al (2009) for the GHG data, and Agriculture in the United 
Kingdom (2005) for monetary output data. As a result of these publications it was possible 
to apply the hybrid approach to . disaggregate the Agriculture sector for GHGs. It is 
believed that this has not been done before for the UK, and it has lead to one of the most 
disaggregated UK I-O models for investigating GHGs related to the Agriculture sector. It 
is believed the resulting 126 sector EIO model could be classed as a hybrid LCA-EIO 
model due to the techniques and data employed.
As a result of using a hybrid approach based on the use of LCA data and due to changes 
made to the A matrix and Leontief it is believed the 126 sector model can be classed as an 
lO-based hybrid approach which is a form of hybrid LCA model.
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Ch a p t e r  9: D isc u ssio n s  a n d  c o n c l u sio n s
9.1 Introduction
This final chapter brings together this dissertation and discusses and concludes on key 
findings from this body of work. We briefly start by refreshing the reader with the main 
gap found in the literature from Chapter 2 that this project addresses.
From the literature the greatest gap was found in the availability of detailed local level 
business emissions and water use estimates and reporting. The need for detailed estimates 
was demonstrated in Chapters 1 and 2. In response to this need, this project undertook the 
ambitious pursuit of spatially extending current direct and indirect emissions estimation 
models to enable detailed and comprehensive emissions and water use estimation for 
individual and all businesses within a specific sector and area.
The work does not directly address the reporting gap instead it provides a method to 
generate consistent and transparent emissions and water use benchmark accounts for all 
businesses of a sector within an area. Such estimates have a range of uses as set out 
towards the end of Chapter 1, including encouraging and engaging businesses in 
environmental reporting and resource efficiency. It is hoped that the methods, estimates 
and their uses could help localities become leaders in sustainability, as local leadership can 
be less constrained than at the central government level.
Building on the gaps found in the literature review, a number of research questions were 
put forward at the beginning of Chapter 3. Methods and data to address research questions 
then followed in Chapters 3 and 4, this included the documentation of the main emissions 
and water use estimation framework (the CLARE model). Beyond the research questions 
but during the development of the CLARE model, two additional methodological 
contributions were made to the literature. These are firstly the development of the
243
This would require heavy involvement and consultation with relevant businesses and make it infeasible to generate estimates for all 
business in an area.
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provision perspective for use in EIO modelling; and thirdly a further bridging of the gap 
between micro and macro ‘top down’ models (only apparent once results of Chapters 5 and 
8 had been presented). The Leontief matrix manipulation technique is a useful and 
innovative technique, developed for this thesis.
The provision perspective was central to the development and presentation of CLARE as it 
was required to put businesses and production at the fore front of attention for estimation 
and not households and consumption. The literature review presented strong evidence for 
the need for such a perspective (section 2.3.2). This perspective along with the production 
perspective enables one to focus on all emissions and water use (direct and indirect) 
attributable to businesses and sectors. Towards the end of Chapter 3, management 
consequences associated with the use of the provision perspective were discussed.
Chapter 5 illustrated the use of the CLARE model for the case study of hospitality and food 
retail businesses in Southampton. Chapters 6, 7 and 8 were devoted to understanding the 
uncertainties and sensitivities and robustness of emissions and water use estimates.
Chapters 6 and 7 contributed to gaps in the literature with regards to the reporting of 
uncertainties and sensitivities (as outlined in Chapter 2). Chapter 8 contributed by 
presenting and comparing best estimates from this study with those of other studies, this 
included emissions estimates from a 126 sector model that resulted from the development 
of the Leontief matrix manipulation technique.
This chapter now brings together the key findings for the research questions of this 
dissertation and draws out relevant conclusions for policy makers and academics in section
9.2. In this section, discussion links with the literature (of Chapter 2) to provide wider 
intellectual insight. Section 9.3 presents a summary of conclusions; section 9.4 reflects on 
the research undertaken, 9.5 identifies future applications and research relevant to this 
dissertation; and section 9.6 puts forward near future recommendations for government.
363
9.2 Key findings for the research questions
With regards to the research questions, the ‘infrastructure planning and prioritisation’ 
research question (5) could not be dealt with in a single chapter. Therefore the structure 
set out for answering this and the other research questions from this thesis is as follows:
Firstly the ‘framework development’ and ‘framework accounting’ research questions (1 and 
2) are addressed by drawing on chapters 3 and 5; findings relevant to the ‘infrastructure 
planning and prioritisation’ research question (5) are drawn out where appropriate.
The ‘uncertainties and sensitivities’ and ‘framework assumptions’ research questions (3 and 
4) are then addressed by identifying relevant findings in chapters 6, 7 and 8. Findings from 
these chapters that address the ‘infrastructure planning and prioritisation’ question (5) are 
also identified.
Finally, the ability to produce pilot targets is briefly concluded in response to the ‘pilot 
targets’ research question (6).
9.2.1 Framework development and framework accounting
The ‘framework development’ research question (1) of this project related most strongly to 
the main aim of the thesis and asked: ‘Can a framework be developed that can estimate the 
direct and indirect GHG emissions, wastes and water use of individual businesses of a 
specific sector, and for all businesses within a specific sector within a defined geographic 
area?’ Through the development of CLARE in Chapter 3 and presentation of results from 
the model in Chapter 5, it has been demonstrated that such a framework can be broadly 
developed. It should however be acknowledged that for a small number of businesses in 
sectors, such as short stay accommodation, estimates are not possible due to not being 
present in the BSD database. This was discussed in Chapter 5. This is a limitation, but it 
should be realised the vast majority of businesses are captured by the BSD and therefore 
also by CLARE, enabling a broadly comprehensive estimation framework work.
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It is, important to understand what the value added of such a framework is. This was the 
subject of the ‘framework accounting’ research question (2): What does the framework 
tells us about accounting for GHGs, water use and waste arisings when applied to 
businesses at the local level?
To answer the ‘framework accounting’ question (2), CLARE was applied to the case study 
of hospitality and food retail businesses in Southampton (chapter 5). Results for emissions 
and water use were presented from the production (direct) and provision (indirect) 
perspectives. The value of the different perspectives was illustrated in Chapter 5.
Chapter 5 clearly illustrated that CLARE is able to provide detailed information on GHGs, 
C&I waste and water at a number of levels. Firstly at the city (unitary authority) level it 
was shown that hospitality businesses have a high impact on Southampton’s water use, 
with these businesses being both directly water intensive and at the same time very 
prevalent in the city^ "^ "^ . Therefore local policy makers should focus on engaging with this 
sector’s businesses to reduce water use. For food retail businesses in Southampton, direct 
water use was far lower. Indirect water use for this category of businesses was however 
much higher (mainly due to sales of food products). Importantly the South East has quite 
good representation of the key water intensive sectors where this water use occurs. 
Therefore local policy makers should focus on engaging with such businesses to encourage 
them to look at the indirect water embodied in the products that they sell. Indirect water 
use was also more dominant for Hospitality businesses in Southampton, but most of this 
indirect water use occurred outside of Southampton and the South East.
For both hospitality and food retail businesses in Southampton, over 85% of the total water 
use and GHG emissions occurred indirectly. Overall total (direct and indirect) GHGs for 
food retail and hospitality businesses in Southampton were very similar. Importantly when 
looking up the supply chain at key sectors that emit the indirect GHGs, such key sectors 
had good representation in the South East, although limited representation within
4* highest sector in Southampton in terms o f the number o f businesses.
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Southampton. Therefore a focus on both sector’s indirect emissions can lead to regional, 
and some local reductions in GHG emissions and help meet UK GHG targets.
For C&I waste direct impacts were most significant for hospitality businesses in 
Southampton. For food retail businesses, indirect impacts were most significant (although 
not to the extent that they were for water and GHGs).
The ability to apply CLARE to look at detailed areas by individual postcode districts (of 
Southampton) was demonstrated for hospitality businesses in section 5.3. It was found that 
emissions and water use vary dramatically by location, with the city centre (postcode 
district SO 14) being a hotspot for emissions and water use. The sectors and business types 
driving high emissions and water use were identified. Mapping of the different levels of
food waste for each of the postcode sectors of SO 14 was then demonstrated. By showing 
the ability to prioritise high waste emissions areas in this way, the ‘infrastructure planning 
and prioritisation’ question (5) was partially addressed. An example of how to use 
CLARE-direct in conjunction with geographical information to map relevant businesses 
waste material was then demonstrated. Such applications were identified to be of use in 
planning and prioritising infrastructure and in assessing the technological and economic 
feasibility of various waste management technologies and strategies at different scales (for 
emissions and water use hotspots). This was conducted in section 5.3.1. The Defra Waste 
Evidence Strategy 2007-2011 (Defra 2007b) have called for such assessment. Other uses 
of such emissions and water use mapping include, identifying and prioritising support for 
businesses and identifying opportunities to implement resource efficiency at scale. Chapter 
1 demonstrated the need and demand for such uses. Detailed business mapping can also be 
used to develop networks and optimise industrial symbiosis, as identified in Chapters 1 and 
5.
By showing the potential to apply the CLARE model in conjunction with map information, 
it was possible to demonstrate the potential of CLARE in delivering some of the properties 
of a ‘material flow mapping system’ as called for by Peter Jones of LWaRB.
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Moving to look at individual business entities, analysis of individual businesses was 
demonstrated in section 5.4 of Chapter 5 and showed that emissions and water use varied 
substantially between different business types of the food retail sector. Across GHGs, 
water use, , indirect impacts for businesses were dominant. The retail of meat and meat 
products, retail of fish and shellfish and other retail of food beverages drinks and tobacco 
were the business types for which the impacts were highest. Indirect impacts of these food 
retail businesses varied, due to the types of food and drinks products that were sold. For 
hospitality businesses types, emissions and water use impacts again varied by business 
type. In general indirect water use and GHGs were most dominant for these businesses, 
due to food and drinks products used in the provision of the businesses goods and services. 
For C&I and food waste however, direct impacts were the more dominant. Through 
estimation and comparison, the ability to identify high emissions and water use businesses 
was demonstrated. Again this partially addresses the ‘infrastructure planning and 
prioritisation’ question (5) which can be of use in providing support, and selecting SME 
businesses with the highest impacts.
In section 5.5 of Chapter 5, the ability to use CLARE to provide information on products 
was also demonstrated. This was carried out in relation to indirect emissions and water use 
for food retail businesses. The key products identified for food retail businesses varied by 
business type: meat products was a product group that came out high for both indirect 
GHGs, C&I waste, food waste and water use. The ability to identify and prioritise high 
emissions and water use products of businesses, is something that this thesis had originally 
set out to do and as such, addresses part of the ‘framework accounting’ research question 
(2). The ability of CLARE to single out and prioritise different product types for closer 
attention has clear benefits for businesses looking to reduce environmental impacts of their 
products or conduct choice editing or identifying a focus for sustainable procurement and 
also has relevance to the ‘infrastructure planning and prioritisation’ question (5), due to 
demonstration of the ability to prioritise products. Such estimation can be used as part of a 
‘step by step’ approach to engaging businesses in better accounting and reporting, as 
discussed in Chapters 1 and 5.
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Presenting the ability to look at emissions and water use for individual businesses and 
products in Chapter 5 is a great improvement over previous frameworks in terms of spatial 
resolution and demonstrates the fulfilment of the aim of the project and the spatially 
extension of current direct (King and Tsagatakis 2006) and indirect models (Jackson et al 
2006, Bradley et al 2006). This fills some of the gaps found in the literature review and is 
believed to be a contribution to the literature.
Applying the production and provision perspectives, the extension enabled analysis and 
focus on business and products as opposed to households (the case of the latter models). 
Emissions and water use attributable to businesses production was quantified. This goes 
against the grain of current EIO modelling but is thought to be extremely important as the 
literature review showed that there is a lack of evidence to vindicate that consumers alone 
can bring about sustainable consumption on a large scale, yet evidence exists on the impact 
that businesses can have on sustainable consumption and production through use of choice 
editing and other methods such as sustainable procurement.
CLARE has substantially higher spatial resolution than previous models, because the 
framework references emissions estimates to individual businesses, products and postcodes. 
The postcode reference enables the model to easily be used in conjunction with other tools 
and models (such as Google maps or similar mapping tools) to add value to analysis. See 
Appendix 9.1 where Bradley et al (2009) demonstrate the use of a business waste 
estimation model in conjunction with household waste estimation models^"^ .^
One of the key strengths of the emissions and water use estimates (from CLARE) is that 
they are transparent and comparable across businesses, due to use of consistent data and 
methods, as well as a consistent system boundary. Although not directly addressing the 
reporting gap^ "*^  estimates from CLARE do contribute to the gaps identified in the business 
reporting and sustainability accounting literature presented in Chapter 2 by enabling: 
comparison across areas, businesses and products, education and also production of
This was done during the development o f the current thesis.
As it is only businesses that can report their own emissions and water use.
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benchmark numbers on emissions and water use for businesses within an area. Emissions 
and water use estimates can be used to develop pilot targets and provide data for 
government to put into action soft regulation and/or progress monitoring. The CLARE 
framework and its estimates are broadly consistent with Foran et al (2005)’s multi scale 
reporting concept. This allows exploration of emissions and water use across different 
entities in a consistent way. In their article Foran et al spell out the benefits of this 
capability.
Beyond applying the multi scale reporting concept, this study has bridged the gap between 
the micro and macro level by developing methods and results that enable demonstration of 
the capability to generate emissions and water use estimates (direct and indirect) at the 
individual business level, local level (e.g. postcode sector and district), city level 
(Southampton) and UK sector level (Hospitality sector in Chapter 8) in one consistent 
accounting framework. It is believed that this is the first study to have conducted this (at 
so many different levels) using a ‘top down’ approach. Xue et al (2007) bridged the gap 
between the micro and macro level using a ‘bottom up approach’. In developing the 
‘material flow mapping system’ as called for by Peter Jones, it is believed that the efficient 
and consistent approach that CLARE provides across all levels could be extremely useful in 
developing such a system as it aids comparison, transparency and cost effectiveness when 
developing and using such a mapping system to track the likely material flows in an area.
Lamberton (2005) identified that a potentially critical role for accounting is the design of 
systems to reduce manipulation and increase the qualitative attributes of sustainability 
accounting information. Bradley et al (2010) provide an example of how CLARE can be 
used in the development of such a system and this is presented as a key future application 
towards the end of this chapter.
An issue however in using CLARE as part of a system to reduce manipulation and increase 
the qualitative attributes of sustainability accounting information or as a ‘material flow 
mapping system’ is that CLARE-indirect required sector specific manipulations in order to 
generate emissions and water use estimates for businesses in different sectors. For example
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methods used for Food retail sector and businesses were different from those used for the 
Hospitality sector and businesses. Although this is so, approaches are consistent within a 
given sector and at least the manipulations made to generate CLARE emissions and water 
use estimates are clear and transparent across different businesses. For this reason 
individual businesses cannot manipulate their own estimates. Additionally, for many 
sectors the same approach and manipulations could be applied, only for some such as Retail 
would different manipulations be the case. Further discussion of this issue is generated 
when looking at future applications.
9.2.2 Uncertainties and sensitivities and results relevant to infrastructure planning 
and prioritisation
An assessment of the robustness of any new information provided by a model such as 
CLARE is integral to a robust and honest reflection of the capabilities and value added. 
Therefore this section dominantly focuses on this issue. It is useful for analysts and policy 
makers to know the sensitivities of such models if they are to apply them now or in the 
future. In relation to this subject, the ‘uncertainties and sensitivities’ and ‘framework 
assumptions’ research questions (3 and 4) were posed, which were: What are the
uncertainties and sensitivities associated with the use of mean values in the framework and 
data aggregation? And; Are the assumptions of the direct emissions and water use 
framework an improvement upon assumptions of previous frameworks?
Answers to the ‘uncertainties and sensitivities’ and ‘framework assumptions’ research 
questions (3 and 4) will be used to more fully answer and respond to the ‘framework 
accounting’ and ‘infrastructure planning and prioritisation’ research question (2 and 5).
The ‘uncertainties and sensitivities’ and ‘framework assumptions’ research questions (3 and 
4) were addressed in Chapters 6, 7 and 8. Relevant findings from Chapter 6 which address 
these questions are now discussed.
Chapter 6 identified that environmental data are critical to accurate direct emissions 
estimation for individual and groups of businesses. Disaggregation of economic (turnover)
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data can be important, when looking at individual businesses but is less critical than 
disaggregation of environmental data.
If looking at groups of businesses the ‘trade off effect’ can result in disaggregation 
effects of economic data being masked. The same can occur to some extent when 
aggregated environmental data is applied. Analysis of this disaggregation issue was 
thorough. Using the Area sensitivity analysis of the UK Hospitality sector it was found that 
when applying three digit and employee size band data (turnover and food waste data in 
CLARE-direct) for groups of businesses^"^ ,^ over 200 of the 1000 simulated areas estimated 
at twice the level of the same model run with 2 digit data. Just under 450 of the 1000 areas 
estimated at 50% higher. It was not possible to look at other emissions e.g. water use due 
to the lack of available disaggregated data.
Importantly, this quite comprehensive and Hospitality sector representative analysis found 
that disaggregation of data used in CLARE impacts the way in which emissions are 
allocated to areas. This in turn can change the prioritisation of high emissions areas by 
CLARE-direct. Given that the ‘infrastructure planning and prioritisation’ research question 
(5) asks whether prioritisation of high emissions and water use locations and businesses can 
be enhanced by emissions and water use estimates, one has to conclude that the extent to 
which this is possible depends on the level of data disaggregation applied in CLARE-direct. 
Leading on from this, it is concluded that if government and policy makers want academics 
and analysts to provide them with robust, meaningful, applicable and useful estimation 
frameworks to enable them to conduct quick and effective identification of optimal 
strategy, infrastructure and investment, then they must publish disaggregated data from 
surveys that they conduct and spend a bit more money on this to save significant amounts 
of money in other areas by making optimal decisions based on robust modelling (for 
example).
Whereby an increase in emissions (or water use estimates) o f one business, may be offset by a decrease in emissions (or water use) o f 
another business in the same area.
30 randomly selected (from underlying probability distribution) hospitality businesses in each area.
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If similar allocation findings were the case when estimating fuel use, then the methodology 
of King and Tsagatakis (2006) would magnify any potential allocation errors generated in 
the initial fuel use modelling process. The model of King and Tsagatakis (2006) is a 
widely used CO2 emissions model. Findings in this study indicate that the authors should 
clearly identify the level of data aggregation at which they conduct modelling as it could 
affect the robustness of their estimates and the prioritisations made from such estimates.
The high value for the inter quartile range and variability for the Area sensitivity analysis 
using CLARE-direct indicated that food waste from one area to the next (even with the 
same number of hospitality businesses) may dramatically vary depending on the mix of 
hospitality businesses. This underlies the need for models such as CLARE-direct in 
providing efficient and detailed waste (and GHGs and water use) information to inform 
waste management (or energy and water infrastructure) decisions and strategy. This work 
illustrated the value added of models such as CLARE-direct that are able to identify 
differences between areas (given that there is large variation) and this further answers the 
‘infrastructure planning and prioritisation’ research question (5).
With regards to uncertainty from application of mean values in CLARE-direct. The use of 
mean values does generate some uncertainty in emissions and water use estimates, but the 
application of multiple imputation using Monte Carlo simulations demonstrated that for 
most businesses 50% of the time CLARE-direct estimates reasonably close to the estimates
that would be achieved if mean values (/^.and uj )  were not used in the CLARE-direct
framework. The same applied when an assessment of an area was conducted. In answering 
the ‘uncertainties and sensitivities’ question (3), with regards to the sensitivity of the model 
to data aggregation it was found that uncertainty associated with the application of mean 
values increases when more aggregated data are used in the production of these mean
values ( and uj  ). So use of aggregated data results in emissions and water use estimates
with higher uncertainty. Again, this identifies the role of government in generating 
disaggregated data to enable more accurate estimation models to come forth.
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Uncertainty and sensitivities were assessed in the early to middle part of Chapter 6. 
Towards the end of the Chapter however, the answering of the ‘framework assumptions’
question (4) was attempted: whether the assumptions of CLARE-direct are arTimprovement 
upon assumptions of previous frameworks. Assessment was conducted in two stages. 
Firstly (in section 6.7.1) estimates of the CLARE-direct model were compared with 
estimates of the BWM (Bradley and Jackson 2007). The next step in asserting whether the 
assumptions of CLARE-direct are an improvement over previous frameworks was to 
identify whether estimates of CLARE-direct or the BWM are more accurate. This was 
done in section 6.8.
When comparing the estimation of CLARE-direct with the BWM, it was found that for 
hospitality businesses within areas, CLARE-direct estimates on average at 8.4% below the 
BWM. For food retail businesses CLARE-direct estimates on average at 10% percent 
below the BWM. Quite often however, differences in estimation could be more than 10%. 
For hospitality businesses this was the case 46% of the time. For areas modelled for 
hospitality and food retail businesses, sometimes differences in model estimates could be as 
much as 30%. For both hospitality and food retail businesses, differences in the median 
values from CLARE-direct and the BWM was shown to be significant using the Wilcoxon 
matched pairs test. This proves that the models estimate differently.
Critically dispersion of the estimates of the two models was quite different when modelling 
food retail businesses, this was shown by the very different inter quartile ranges for the two 
models. This means that the two models will allocate emissions to areas differently. With 
relevance to the ‘infrastructure planning and prioritisation’ question (5), the differing 
allocation could result in different prioritisations of high emissions areas. Therefore, 
prioritisation for high emissions areas can depend on the model used (CLARE-direct or the 
BWM). This is an important finding. From comparison it was found that the BWM is 
more likely to produce estimates that are more extreme. From this one can conclude that 
the choice of the model may alter emissions and water use prioritisation; so this finding is 
relevant to the ‘infrastructure planning and prioritisation’ research question (5). If similar 
findings were the case when estimating fuel use (as opposed to waste), then the
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methodology of King and Tsagatakis (2006) would magnify any potential allocation errors 
generated in the initial fuel use modelling process.
The comparative analysis conducted for the two models as stated above however, does not 
identify the model that has superior assumptions and improved estimation (and which is 
therefore preferred). It was determined that the best, most feasible way to assess the 
preferred model was to critique the models performance in estimating emissions at the 
individual businesses level. This was done by comparison of model estimates with 
estimates derived from multiple imputation using Monte Carlo simulations. Reviewing 
how well each model estimates compared to estimates achieved (for the same business 
type) through use of multiple imputation via Monte Carlo analysis (for 500 simulations for 
each business type) provided an indication as to which model is more accurate in its 
estimation and therefore has superior assumptions.
Results from this work indicated that for the majority of businesses types (for which it was 
possible to assess), CLARE-direct generates improved food waste estimation on balance. 
Although results were not always clear cut, in general results indicated that the assumptions 
of CLARE-direct are a modest improvement upon the assumptions of the BWM. However, 
this is only the case if emissions and water use of businesses bear a stronger relation to 
turnover (over a year) than employment. This caveat has to be put in place, as it was not 
possible to compare with actual emissions estimates, instead Monte Carlo simulations were 
used by randomly sampling turnover per employee ( T ’s) and emissions per unit turnover
{ u j ’s). In the case of food retail quite aggregated environmental data had to be used to
generate « ’s (via a computer package) for the Monte Carlo simulations. So the finding
for food retail businesses, as to which model is preferable has more associated uncertainty, 
although there is evidence that suggests that aggregation was not a problem for this 
business sector.
The latter preliminary findings have implications to King and Tsagatakis (2006), due to the 
overlap in methods of the BWM used for their initial fuel use allocations to businesses by
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1km grids^ "^ .^ It is not however, assumed that CLARE-direct has overall superior 
assumptions and estimation compared to King and Tsagatakis (2006) in estimating CO2 (as 
part of GHGs) for local areas. This is because although it is believed that CLARE-direct 
assumptions (with use of turnover data) may be superior for initial fuel use allocation. King 
and Tsagatakis (2006) apply extended methodology that makes use of actual fuel use data 
for areas (to scale up or down their initial estimates as identified in Chapter 2) and this is 
likely to substantially improve their overall estimation of CO2 for areas. They also use 
Pollution Prevention and Control data for large companies to avoid estimation.
With relevance to King and Tsagatakis (2006), critically this dissertation found that 
allocations of emissions (and potentially fuel use) between areas (which can effect high 
emissions area prioritisation) depend on choice of model, as well as choice of level of data 
aggregation used in models.
With regards to the ‘uncertainties and sensitivities’ question (3), sensitivities and 
uncertainties associated with indirect emissions estimation were addressed, mainly in 
Chapter 7 but also in Chapter 8. Uncertainty associated with sector indirect estimates 
through Monte Carlo simulations for UK EIO models, had recently been undertaken by 
Wiedmann et al (2008). Due to this recent work, as well as time and resource constraints, 
similar analysis was not attempted for the two region EIO model. Estimates of 
uncertainties for relevant sectors by Wiedmann et al (2008) were however reported in the 
literature review in Chapter 2. Uncertainties associated with relevant sectors (for this 
projects case study’s) in Wiedmann et al (2008) were lower than for many other sectors, but 
still high. Relative error for relevant sectors ranged from between 19% and 82%, the 
majority of relevant sectors had a relative error of roughly 30%. It should be acknowledged 
that their assessments of uncertainties were from a multi-regional model and not the two 
region model, as used in the current study. Therefore uncertainty estimates are not directly 
applicable to the current study, but a useful indicator of potential uncertainties associated 
with indirect estimates.
Procedure 1 o f King and Tsagatakis (2006) in section 2.6.7 o f Chapter 2.
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Keeping with the theme of sector disaggregation, it was found that no known UK EIO 
studies had looked at the sensitivity of sector level EIO model estimates^ to data 
aggregation. For this reason. Chapter 7 focused in on uncertainty generated by this issue 
and by linking with international aggregation literature, attempted to provide insight on the 
following tasks (for GHGs and food waste):
The ‘40 sector sufficiency’ task: whether roughly 40 sectors is a sufficient level of
250sector disaggregation for examining results for individual sectors of the UK
The ‘key sector disaggregation’ task: whether one should strive to attain higher 
overall disaggregation of datasets (from actual data without assumptions) or whether 
analysts and government should aim for disaggregation of particular key sectors^  ^ .
Both have relevance to CLARE-indirect, as CLARE scales product sector level estimates 
from EIO analysis to individual businesses. Also, for the ‘key sector disaggregation task’ 
the aim was to understand if the Food and drinks manufacturing sector is an important 
sector for which to disaggregate data using the hybrid approach^^^ so this has relevance to 
estimating emissions of food and drinks products in CLARE-indirect.
From results it was found that 42 sector modelling is insufficient in EIO extensions such as 
CLARE-indirect when modelling GHGs. Analysis showed GHG multipliers^^^ from the 
42 sector model were often very different from those of the 123 sector model. For food 
waste it was not possible to confirm this. For the ‘key sector disaggregation task’ it was 
indicated that the Food and drinks manufacturing sector is a key sector to disaggregate 
(with real data avoiding the linear scaling approach^^'^) for food waste but not for GHGs,
A sector focus is taken, as this is the level at which the EIO modelling for CLARE-indirect is conducted.
251
This study provides some insight from disaggregation of the Food and drinks manufacturing sector, a key sector in CLARE-indirect 
modelling.
For details o f the relevant hybrid approach please see section 4.3.2 o f Chapter 4.
Section 4.5 o f Chapter 4 shows how multipliers are defined and developed for use in the current study.
Using ihs linear scaling approach one disaggregates environmental data so that it matches the level o f disaggregation o f economic 
input-output data using linear sealing assumptions (based on sector output in basic prices) to match the more detailed economic accounts. 
Please see method in section 4.3.1 o f Chapter 4.
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unless specifically researching a Food and drinks manufacturing sub sector, which we do 
when applying EIO methodology in this study (see section 3.5.2 Of Chapter 3).
From this one can conclude that practitioners should generally avoid applying the linear 
scaling approach for this key sector when assessing food waste, particularly in detailed 
sector led EIO applications and extensions such as CLARE-indirect. The approach should 
also be avoided when GHG modelling for Food and drinks relevant sub sectors. For those 
that produce waste data aggregation of data for this sector should be avoided.
It must be concluded that in some of the situations as described above, use of the linear 
scaling approach for key sectors could lead to less accurate estimation of indirect 
emissions intensities and consequently effect estimates and prioritisation of high emissions 
products, businesses, and local areas from CLARE-indirect. The latter finding therefore 
(due to potential effects on prioritisation) have relevance to ‘infrastructure planning and 
prioritisation’ research question (5). From this, one can conclude that data aggregation can 
effect prioritisation of both direct and indirect emissions from CLARE, and that to best aid 
the ability of CLARE to prioritise high emissions and water use products, businesses and 
areas require the use of the most disaggregated datasets available (particularly for 
environmental data).
Although this study’s final indirect emissions and water use estimates made use of the most 
disaggregated modelling possible in line with findings of Chapters 6 and 7, there are still 
quite high uncertainties associated with indirect estimates achieved as Wiedmann et al 
(2008) demonstrate for sector level GHGs. Wiedmann et al (2008) state that their figures 
were conservative, it should however be realised that the relative errors of Wiedmann et al 
(2008) were for sectors generally at the 2/3 digit SIC level. Given that we apply such 
sector estimates (ultimately) to individual businesses at the 5 digit SIC level (and using a 
two region model), uncertainties associated with our business level indirect emissions and 
water use estimates may actually be somewhat higher. Uncertainties should be bom in 
mind when assessing robustness of indirect emissions to inform uses of estimates produced 
by CLARE-indirect. This is one of the reasons why CLARE is advocated for use in
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informing on business’s likely emissions and water use in a ‘step by step’ process, 
described in Chapters 1 and 5. When looking beyond individual businesses to local areas, 
uncertainty decreases, as a more aggregate picture is developed. Here the model can 
inform development of environmental strategy and policy in local areas. In these ways, the 
methods developed in the PhD are a useful contribution. Additionally, as data improves 
associated uncertainties should decrease, as is now the case (see most recent and 
disaggregated C&I waste publications for Hospitality in near future recommendations 
(section 9.6) at the end of this chapter).
To inform further on potential uncertainties Chapter 8 provided more analysis by 
comparison with other studies. In Chapter 8 best estimates of indirect emissions for 
products and sectors (applied in CLARE-indirect) were presented and where possible 
compared with other studies. This provided an indication of the robustness of estimates in 
the current study. Other studies and methods found were relevant to GHGs.
It was found that for indirect GHG emissions of food and drinks products, estimates were 
generally reasonably comparable with other studies, there were however differences for 
products such as meat and oils and fats. Estimates of GHGs for meat products were found 
to be at the lower end of comparable estimates. Some of the difference was shown to relate 
to the different GHG intensity of food and non-alcoholic beverage sectors of the UK and 
other countries such as Holland. It should however be noted that from the various other 
studies looked at, there was quite large variation in GHG estimates for products such as 
meat. It can be concluded that due to GHGs for meat products being on the low side in the 
current study, indirect estimates for food retail (and to some extent hospitality) businesses 
in Southampton should be judged to be low values, and it could be the case that indirect 
GHGs attributable to the key meat products category, could in fact be higher than presented 
in this PhD.
For the Hospitality sector GHG emissions estimates, both direct and indirect GHGs had to 
be viewed together (as a total) in order to make comparable with estimates from other 
models. It was observed that this study’s GHGs were quite a lot lower than estimates
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generated (for the same level of monetary output) from models for other countries. 
Differences are likely to relate to the different nature of equivalent sectors, as well as 
different GHG intensities present in various sectors of these ecdhomies.7 Differences cftuld 
also occur from how emissions attributable to imports are dealt with. When compared with 
another UK study, Frey and Wiedmann (2008) the percentage direct and indirect GHGs for 
the Hospitality sector were very different from the current study. Indirect GHGs in the 
current study are estimated to be much higher. Based on their percentages, it was 
demonstrated that Frey and Wiedmann (2008) are likely to be substantially underestimating 
GHGs when comparing with the USA, Canadian and this study’s estimate. This however, 
could not be absolutely confirmed. Given that GHG estimates for the Hospitality sector of 
this study are lower than most other equivalent models estimates, the estimate for 
Southampton hospitality businesses provided in Chapter 5 may be taken as likely to be at 
the lower end of the scale.
Best estimates of indirect GHG emissions in Chapter 5 made use of a 126 sector model for 
the UK. It is believed that a 126 sector model has not been generated for the UK before 
due to economic data aggregation constraints. As a result of the new Leontief matrix 
manipulation technique it was possible to extend disaggregation of current UK 1-0 models 
to 126 sectors, to enable application of the hybrid approach to disaggregate environmental 
data which is otherwise not possible. This led to the development of the 126 sector EIO 
model. The Leontief matrix manipulation technique is a new timely and efficient method 
of disaggregating intermediate purchases and sales data of 1-0 tables (used to make the A 
matrix and Leontief) without a need for lots of detailed data requirements. Application of 
the technique allows the hybrid approach to be applied when it would otherwise not seem 
possible. This is a useful invention as this dissertation and other work has shown that 
disaggregation of environmental data in EIO modelling applications is often extremely 
important and generally more important than disaggregation of economic data.
Although Chapters 6,7 and 8 identify that some uncertainties exist, it should be realised that 
the aim of the study was not to produce 100% accurate estimates for individual businesses, 
the point of producing estimates was mainly to demonstrate the methodology to provide
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tractable baseline estimates to help businesses, government and other actors in local areas 
engage, prioritise and optimise their actions ‘in getting their house in order’ and 
understanding the likely direct and indirect emissions and water useTfelatedTo llifïerêht 
products, businesses, and detailed geographic areas. Such estimates can be used to 
encourage environmental reporting and advance resource efficiency, as described towards 
the end of Chapter 1.
It is believed that the project has broadly achieved this, whilst contributing to both 
theoretical and practical gaps in the literature and in some cases beyond the original 
research questions (e.g. development of the provision perspective and the Leontief matrix 
manipulation technique). The CLARE framework provides a valuable method (that can be 
built on in the near future) to help business, government and other relevant players engage, 
and stimulate both individual and collective action towards lowering emissions and water 
use at a local level. In this way CLARE is a useful tool to the localism agenda and efficient 
planning and prioritisation at the local level.
9.2.3 Development of Pilot targets
From the emissions and water use estimates produced for the case study in Chapter 5, 
absolute emissions reduction targets (pilot) were generated at various scales for businesses 
is section 5.6 (in answer to the ‘pilot targets’ research question 6). Such targets are an 
example of how CLARE may be used by government to efficiently generate a point from 
which dialogue and business engagement (in reporting and action) to reduce environmental 
impacts may occur. Care however, should be taken to avoid imposing targets on 
businesses that are unachievable; any targets developed should be developed with the 
business of concern. Given that targets must be developed with businesses, the ability to 
set targets for business using solely a top down approach is not viable, and not helpful to a 
useful engagement. This should however not stop one from developing and proposing 
preliminary targets and strategy (assuming targets are seen as the right approach) in 
conjunction with businesses. For this, CLARE is a useful tool.
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9.3 Summary conclusions
The development and application of the CLARE model has resulted in a number of
advances as discussed in the current chapter. In line with the research questions it was 
found that:
It was broadly possible to generate a framework capable of estimating the direct and 
indirect GHG emissions, wastes and water use of individual businesses of a specific sector 
and for all businesses within a specific sector within a defined geographic area. This 
addresses quite a number of gaps in the literature and extends methodologies currently 
available.
Demonstration of the framework for Southampton showed up large variations in direct and 
indirect GHGs, water use and waste arisings between products, businesses and areas 
(various entities at various scales). Such information is crucial in efficient prioritisation of 
different entities and their products as well as planning infrastructure and strategy to reduce 
emissions and water use in areas. One of the key strengths of these estimates is that they 
can be comprehensive and measured in a consistent, comparable and transparent manner 
across each entity. This addresses quite a number of gaps in business reporting and 
sustainability literature and is consistent with Foran et al’s (2005) concept of multi scale 
reporting. It should however be realised that sector specific manipulations are required for 
retail sub sectors such as Food retail.
There are uncertainties associated with the use of mean values in the framework (and these 
vary by business type), however for CLARE-direct use of mean values generally leads to 
reasonably good estimation for 50% of the time. Estimates of CLARE-direct and CLARE- 
indirect are very sensitive to data aggregation. Environmental (as opposed to economic) 
data disaggregation was shown to be most important. Strength of effect varies by sector , 
business type and size of business (CLARE-direct). Critically, disaggregation of 
environmental data was shown to effect emissions allocation between areas and therefore 
can effect prioritisation of areas. Therefore, the most disaggregated data available should 
always be applied in CLARE. Disaggregation of data at the business and employee size
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band level may affect indirect emissions and water use estimates of CLARE-indirect, but 
unfortunately available data were not disaggregated enough (across sectors of the economy) 
to test this. --------------------------------    '--
Findings of this study show that the choice of model effects allocation of emissions 
between areas. This is an important finding. Results also indicated that assumptions of 
CLARE-direct produce modest improvement over assumptions of the BWM for the case 
studies looked at. However, this is only the case if emissions and water use of businesses 
bear a stronger relation to turnover (over a year) than employment. Detailed research to 
further confirm this for these and other case study sectors would be useful in adding to 
results of this PhD. It should also be acknowledged that the use of extended methodology 
(for CO2 estimation) beyond the methods of the BWM mean that assumptions of CLARE- 
direct cannot be said to lead to overall improvement in area CO2 estimation beyond 
methods of King and Tsagatakis (2006).
The initial fuel use allocation methods used by King and Tsagatakis (2006) could however 
be significantly improved to provide more robust (allocation of fuel use between areas) data 
upon which to prioritise business GHGs between areas. Results from this study indicate 
that making use of available turnover data as opposed to employment data could improve 
initial estimation of fuel use allocation between areas, although further research is required 
to confirm this. Also initial waste/fuel use allocation could be improved by modelling at 
the individual business level (as CLARE does) as opposed to 1km grids. This is so because 
modelling for sectors at a 1km grid level makes it difficult to pick up on differences in 
individual employee size band waste or fuel use coefficient differences, which for waste 
were found to be extremely important in Chapter 6^ ^^ . By improving initial fuel use 
allocation in these ways, improved ability to avoid any allocation errors would be achieved, 
this is important as any such initial error is magnified using the King and Tsagatakis (2006) 
method.
Disaggregation at a sector level can be important for fuel use and quite possibly at the employee size band level.
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It was found that infrastructure planning and prioritisation of high direct and indirect 
emissions and water use products, businesses and locations could be enhanced from the 
very detailed emissions and water use estimates of CLARE. Given that such detailed 
estimates currently do not tend to exist the CLARE framework generates added value well 
beyond the datasets that it uses. Uncertainties and sensitivities to data aggregation as 
identified in this PhD should be bom in mind when applying CLARE and estimates 
produced should not be seen as ‘absolute’ values but likely estimates that can be used for 
prioritization, planning, analysis and as a tool for engagement with stakeholders as 
described in Chapters 1 and 5. It should also be realised that data aggregation and model 
choice can both effect the prioritization of emissions (such as waste) between areas.
It was demonstrated that pilot emissions and water use targets can be developed from 
CLARE emissions and water use estimates. It should however be realised that whenever 
actual (as opposed to pilot) targets are developed, this should be done in conjunction with 
businesses. The pilot targets generated in the PhD can however be used to start a dialogue 
and engage relevant stakeholder on what emissions and water use reduction targets should 
be for a given entity, if individual targets are seen as the best way forward.
Beyond the initial research questions, this PhD also introduced the provision perspective 
for EIO modelling and a technique that enables the hybrid approach to be applied (to 
disaggregate environmental data) when otherwise not possible due to economic aggregation 
limitations: the Leontief matrix manipulation technique. This latter technique enabled a 
126 sector UK EIO model to be developed for what is believed to be the first time.
9.4 Reflection on the research undertaken
This aim of this project was ambitious aiming to allow both very detailed estimation and at 
the same time a comprehensive form of estimation to provide a set of highly detailed 
business GHG, C&I waste and water use accounts for all businesses of a sector within an 
area for uses described in Chapter 1. Although this aim was largely achieved, if attempting
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the same or a similar modelling in the future there are a number of aspects of the project 
that would be undertaken differently next time.
Firstly the model would ideally be developed with local 10 tables as this would allow the 
model to explicitly quantify how much of the indirect emissions or water use attributable to 
local businesses of a sector are actually emitted/extracted locally (spatial repercussion 
effects from a business’s production). As seen from analysis of this issue in chapter 5, this 
can add significant value and insight for local policy maker use of CLARE and helps local 
policy makers understand extent to which local actions to tackle indirect emissions can help 
meet local production perspective emissions reduction targets.
Secondly, the BSD and ARD business data used in CLARE were chosen due to the 
comprehensiveness and detail as well as low cost in use. Although very useful for 
government use in engaging and helping support businesses, with regards to businesses 
direct use these databases experience more restrictions. When further developing CLARE 
in the future it would be useful to have two versions, one for government use (which is 
more comprehensive -  enabling prioritisation etc.) and an online version that businesses 
can very easily access, making use of alternative free datasets such as FAME. Such an 
online version could provide businesses an emissions and water use estimate with little or 
no effort required from them. The online version should also ideally make use of local 
input-output tables to allow the business to identify the emissions and water use likely to be 
emitted/extracted locally as a result of their production. Such estimation of local emissions 
and water use production/extraction could provide a complementary account to online 
models such LM3 which estimate local monetary output effects resulting from a business’s 
production or expenditure in a local area.
Thirdly, early on in the project in 2007/08 a decision was taken to class GHGs from 
electricity use as a direct emission. There are various arguments for classifying GHGs 
from electricity use as direct as discussed in Appendix 1.1. Guidance such as PAS 2050 and 
household and business CO2 attribution studies seen at the time (2008) generally seemed to 
suggest this approach. EIO work that I was involved with at the time via work also 
generally involved allocating electricity as direct as the norm. There is a clear logic and
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strong arguments for the classification as direct, however the most recent guidance seems 
more dominantly to advocate that CO2 from electricity use to be classed as indirect. 
Although leading producers in Food retailing and examples in DEFRA (2009) guidance 
still provide support for classification as direct, when conducting CLARE modelling again 
and depending on sector focus, authors should strongly consider classifying GHGs from 
electricity use as indirect as this is the trend in the most recent guidance. Of most 
importance however, is to identify upfront and early on in any study, which scopes 
correspond to the direct and indirect definition chosen as this avoids confusion and 
provides clarity.
9.5 Future applications and research
With regards to future research, further research on the link between turnover and 
employment and GHGs, water use, and C&I waste is important in enlightening modellers 
about the caveat: whether emissions and water use of businesses bear a stronger relation to 
turnover (over a year) than employment. From brief inspection of sector level data for 
South Korea, a strongly positive relation between turnover and GHGs does exist and the 
current author stated that there are strong arguments for turnover to be a better base from 
which to estimate C&I waste than employment, particularly for hospitality and food retail 
businesses. Further evidence is however, needed to conclude for the UK.
With regards to future applications, Lamberton (2005) calls for systems to reduce 
manipulation and increase qualitative attributes of sustainability accounting information. 
The development of CLARE and its application could be the start of the development of 
such a system. With the UK tax system, government estimates what it believes an 
individual or company owes the treasury in tax based on information from previous years, 
and then asks the individual or company to prove the government wrong with regards to the 
estimate (if an individual wants to be taxed less). Because CLARE or potentially other 
future technologies make estimation of a business’s emissions and water use fast and 
efficient, government could take the approach of estimating a business’s waste and 
emissions and then ask the business to estimate what they believe their emissions and water
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use to be, in the same format. This may in future help prompt businesses into producing 
clear, consistent, comparable and transparent accounts for their emissions and water use. 
The fact that government would have an estimate for a particular business means that there 
cannot be a case of ignorance, denial, or inaction with regards to environmental impacts 
and their expected scale.
Characteristics that make CLARE suitable for incorporation into such a system are that 
much of the data used in the model is from published or regularly updated datasets. For 
unpublished data used within CLARE, all data is collated, managed and ‘cleaned’ by the 
Office for National Statistics helping ensure a reasonable degree of quality^^^. Use of 
regularly produced and mainly published datasets can help keep the cost of a systems 
development down. Also the coverage of the Business Structure Database, the Annual 
Respondents Database and sector emissions and water use data means that CLARE could in 
future be used to estimate direct emissions and water use in detail for businesses that 
constitute 99% of all UK output. The extent of business coverage would be integral to the 
development of the proposed system. An issue however, in using CLARE to deliver 
emissions and water use estimation in such a system is that different sector specific 
manipulations are required as a result of the different variables and detail in economic data 
that is available for different sectors. Although this is so, it is likely that quite a number of 
sectors could apply the same manipulation methods and just some sectors such as Retail 
would need a different form of manipulation. Available data could also improve in the 
future, reducing the need for different manipulations for different sectors and further 
improving accuracy of CLARE. When Lamberton (2005) called for systems to reduce 
manipulation he was mainly referring to systems that reduce the ability of businesses to 
manipulate their environmental disclosures. In this sense CLARE could enable reduced 
manipulation. One has to acknowledge however that CLARE potentially increases the 
ability of government to manipulate emissions and water use of businesses and this may not 
necessarily be a good thing if government receives a financial benefit (e.g. through a tax) as
For the small amount o f detailed and unpublished C&I waste data used, this was done by personnel working on behalf o f the 
environment Agency to generate statistics for Defra.
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a result of such manipulations. This issue should be considered if such a system as 
suggested by Lamberton (2005) is to be implemented.
Peter Jones of LWaRB also called for the development of a new system. He called for the 
development of a ‘Material flow mapping system’. In the near future CLARE could 
provide much of the properties of a ‘Material flow mapping system’. For such a system 
CLARE would be able to estimate where materials are located geographically in an area 
(probabilities could be used to describe certainty of a tonnage within a given area), as well 
as the indirect impacts such as CO2 embodied within such materials. A major contribution 
of CLARE has been the demonstration of the ability to estimate indirect impacts 
consistently and efficiently across all businesses and products of a sector in an area. 
Efficiency and consistency are likely to be key properties required for a material flow 
mapping system. In the current dissertation we estimate the indirect emissions associated 
with different products sold by food retail businesses, but CLARE could easily be extended 
to estimate indirect impacts associated with waste materials as well as products.
A measure of embodied indirect emissions and water use of products and waste can help in 
prioritising which policies (e.g. policy of waste avoidance of policy of recycling and re-use 
should) should be more strongly directed towards specific materials. For instance, a waste 
recycling policy for a material does not avoid any of the embodied impacts associated with 
waste material. Other indicators beyond direct and indirect emissions could also be 
provided for specific materials such as toxicity, resource scarcity or future resource scarcity 
indicators; these could be used to help prioritise which materials should be targeted and 
mapped for regaining from the waste stream helping ensure resource security. Due to 
consistent methods and data used in CLARE, estimates across different businesses in an 
area are comparable; this is a useful quality in a material flow mapping system. The form 
of geographical referencing used in CLARE (postcode based) can also be used consistently 
with household material flow mapping models such as LARA as demonstrated by Bradley 
et al (2009).
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A recent publication by WRAP in 2011 provides estimates of the amount of CO2 embodied 
in UK food waste. This data could be incorporated into CLARE along with the newly 
published and very detailed and disaggregated Hospitality waste data (WRAP 2011). 
Incorporation of this data will allow CLARE to generate future UK Hospitality specific 
‘Material flow mapping systems’ that can provide reasonably robust mapping of food waste 
and the indirect GHGs embodied in food waste for this sector, which this dissertation has 
demonstrated can be done. These recent publications are important as they will allow 
CLARE to generate up to date food waste mapping for the Hospitality sector in the coming 
years (beyond what has been conducted in the current dissertation). These publications 
secure the ability of CLARE to make a significant contributions to the near future planning 
and technological and economic assessment of the implementation of anaerobic digestion 
(as well as other waste management options and systems), as well as other uses described in 
Chapter 1
The current author believes that securing such an ability has implications for the potential 
for the coalition governments to achieve their energy from waste commitments efficiently. 
The coalition government currently have a commitment to promote a huge increase in 
energy from waste through anaerobic digestion (DECC 2010). Food waste is an important 
waste stream in achieving this commitment. The largest generator of food waste is the 
Food and Drinks Industry however, much of this food waste is alreadv used in other 
applications and some of it is not suitable^^ .^ Beyond this sector the Hospitality and Food 
retail sectors are key contributors to UK food waste. Much of the food waste from these 
sectors is currently sent for disposal (mainly landfill) but is suitable for anaerobic digestion 
(as category 3 animal by products can be anaerobically digested). Therefore there is great 
opportunity for CLARE to be used to provide detailed and robust estimates of Hospitality 
food waste available at different geographic scales. The model can identify in which areas 
this waste is most dominant and where the priority businesses in an area are located as well 
as information on how much embodied CO2 will still occur even if anaerobic digestion
Some of the waste is categorised as category 1 and 2 animal by-products are not suitable for anaerobic digestion (Zero Waste 
Scotland 2010). Also, much of the industries waste is' already used as secondary materials from processing as by-products in various 
ways such as for land spreading (Defra and the PDF 2008).
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were to be implemented (by estimation of indirect impacts associated with businesses and 
their waste). Used in conjunction with other information and map data, this would provide 
an opportunity to increase efficiency in implementing anaerobic digestion schemes and 
help in understanding the economics and costing of such schemes at different scales in 
different areas. Such information will hopefully optimise waste management decisions. 
CLARE also has good potential to be used in planning resource efficiency at scale, 
Oakdene Hollins (2011) identify substantial economic benefit from such action.
Beyond systems for material flow mapping and systems for reducing manipulation and 
increasing qualitative attributes of sustainability accounting information, a key future 
application of CLARE is in the planning of cities.
CLARE could provide a role in providing spatially and sector detailed benchmark numbers 
of the direct and indirect energy, emissions and water use impacts of sectors and businesses 
operating within cities like Southampton (or overseas cities such as Delhi if relevant data is 
available). This data could be extremely useful to policy makers and planners looking at 
current and future waste, energy^^^ or water infrastructure needs within areas of their own 
cities and outside their city, as a result of businesses operating within their city. Such 
information would also help consideration of which business or sector growth will most 
effect infrastructure requirements within and outside their city. To improve this capability, 
CLARE-direct could follow models such as King and Tsagatakis (2006) and incorporate 
detailed IPCC emissions data for large companies. CLARE-indirect would ideally make 
use of detailed regional (or even local area) emissions and water use data and perhaps multi 
regional EIO models if sector detail and quality of data is high. CLARE could also be 
extended to include other environmental impacts such as land use and sulphur dioxide 
beyond those presented in this PhD, and may developed or coupled with pollution 
dispersion or pollution elimination models described in Chapter 3, amongst other 
extensions.
Energy estimation can be provided by CLARE-direct (this already happens as part o f the process o f estimating GHGs).
389
Additionally, the model could be extended to help estimate resource and emissions ‘bottle 
necks’ that could result from sector growth in an area. This would be done based on 
modelling scenario growth rates for each sector and then predicting resulting environmental 
impacts within a city area resulting from growth^^^. This latter application could be 
particularly useful if combined with data and modelling of current and future ecological 
status of ecosystems, water resource availability etc. The latter application could be critical 
in directing water scarce cities and regions (such as the south east of England, or Delhi in 
India) towards a more suitable and sustainable economic development path. Economic 
growth by its very nature is often unplanned particularly at the micro level (e.g. local areas) 
and particularly in some cities of some developing countries. Yet growth and impacts of 
certain sectors and industry at the micro (local area) level can have huge implications for 
local area future resource scarcity e.g. water scarcity. Whist an industry in a local area may 
have a comparative advantage from e.g. low labour costs in the short term, in the longer 
term competitive advantage for other local industries could be significantly affected if 
availability of vital localised resources such as water are adversely impacted (competition 
for water between sectors may take place). This is especially the case for localities which 
also have high and/or growing populations with competing demands for water^^^. In water 
scarce regions, modelling of water using models such as CLARE in combination with 
detailed resource availability models could enable analysts to foresee potential conflicts 
between industries and between the population and industry. In foreseeing such problems 
by use of modelling at different scales (micro and macro levels), there is more chance to 
identify specific parties involved and start a dialogue to ensure that capabilities to deliver 
essential needs for people and their livelihoods are sustained. If developed to look at 
spatial repercussion effects, policy makers could also look at whether reduction of a 
business’s indirect water use affects water resources locally, as demonstrated in Chapter 5. 
In order for models such as CLARE to be used in places outside the UK however, further 
investigation would be required to clarify whether similar detailed business and 
environmental datasets exists. When modelling growth into the future, ideally a dynamic
The model could therefore be used to investigate and foresee potential limits to growth o f sectors in a given area. 
Water is unevenly distributed around the world, some areas have much more water than others.
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(as opposed to static) model would be used, there is potential for CLARE to be extended to 
enable this as discussed in Chapter 3.
Clearly CLARE can be extended and combined to look at more indicators in future. 
CLARE currently makes use of employment and turnover and product sales data in order to 
estimate emissions and water use. Employees (a social indicator^^^) and turnover 
(economic indicator^^^) could be reported on their own as indicators for individual and 
groups of businesses. If this were to be conducted, CLARE could provide information on 
environmental indicators in conjunction with economic and social indicators. Munday and 
Roberts (2006) review a range of approaches that are explored in Wales to monitor and 
measure progress towards sustainable development objectives. Given that CLARE could 
in future provide information on social, economic and environmental indicators in detail 
and within regions, it is believed that the approach may be useful to this body of literature.
9.6 Near future recommendations for government
The publication in the early part of this dissertation Bradley et al (2009), identified that a 
key problem in estimating food waste for the Hospitality sector is in attaining accurate 
information on the food waste present in mixed waste from C&I waste statistics (Bradley et 
al 2009). Since and likely in response to this publication^^^, the government have 
produced a very detailed and disaggregated Hospitality sector report that specifically looks 
at the composition of mixed waste for the UK Hospitality sector (WRAP 2011), also with 
relevance to Scotland’s Hospitality sector: Zero waste Scotland (2010) has recently been 
published.
Due to the framework developed in this project (CLARE) and recent publications, there 
now stands a very strong opportunity to efficiently map food waste of the Hospitality sector 
into the future at the levels of detail provided in this study for earlier years. This PhD sets
Particularly if  looking at impacts locally on unemployment. 
CLARE could estimate GVA on its own if preferred.
The managers o f commissioning of the Hospitality WRAP work were sent a copy o f Bradley et al (2009).
391
out methods, data and some of the main uncertainties and sensitivities in undertaking such a 
task. It is recommended that the government considers the development of a ‘material 
flow mapping system’ for the UK (as called for by Peter Jones of LWaRB) building on 
methods documented in this PhD and starting with food waste and the Hospitality sector.
Such a material mapping system would enable analysts to conduct technical and economic 
assessment of anaerobic digestion as Defra Waste Resource Evidence Strategy 2007-2011 
suggest. Therefore the further development of such a framework could help the coalition 
government meet its commitment to promote a huge increase in energy from waste through 
anaerobic digestion^^" .^
Assessment o f  emissions and water use embodied in food waste should however also be conducted. CLARE currently estimates the 
indirect emissions attributable to businesses and products but due to a very recent publication by WRAP 2011, CLARE could easily be 
adapted to incorporate this data to enable estimation of the GHGs embodied in a given tonnage o f food waste.
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Appendix 1.1 Review of direct and indirect definitions for GHGs
A l.l  Introduction
The main issue which this section investigates is the issue around whether GHGs from 
electricity should be classified as a direct or indirect when conducting carbon foot printing. 
In the current section we summarise some of the different approaches taken by different 
authors and guidance. We start by providing some examples of the definitions used for 
emissions accounting in the household literature (A 1.2), followed by examples of 
definitions used in relation to emissions accounting in the business literature (A1.2). We 
investigate both households and businesses, as this gives a more comprehensive assessment 
of different uses and the various arguments for different definitions. We also provide the 
logic and arguments for and against various definitions (section A 1.4). A conclusion is 
then provided which includes identification of the definition of direct and indirect used for 
GHGs in this study.
A1.2 Examples from emissions accounting for households
In relation to the household literature on GHG accounting, electricity use is commonly 
classified as direct. Biesiot and Noorman (1999) state that:
“Usually household energy consumption is taken to comprise that fraction o f  the national 
energy consumption that is literally consumed in (electricity, natural gas, etc) or via (car 
fuels) households (i.e. direct energy consumption). ”
Examples of past studies that classify electricity as direct include: Vringer and Blok 
(1995), Vringer and Blok (1997), Reinders et al (1999), Munksgaard et al (2000), Reinders 
et al (2003), Carlsson-Kanyama et al (2005), Jackson et al (2007), Druckman and Jackson 
(2009 and 2010), Park and Heo (2007), Weber and Mathews (2008), Thumin and White 
(2008) Arvesen (2008) and Gough et al (2011) amongst others^^^. See Carlsson-Kanyama.
Gough et al (2011) include direct fuel use in the home (including electricity) and exclude ‘distribution of  
electricity, gas and other fuels.
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et al (2005) for detailed review of various direct and indirect studies. Very often electricity 
is classified as direct in the household literature including the EIO literature.
Quite a number of studies, such as Dresner and Ekins (2006) and Druckman and Jackson 
(2008), do not explicitly state whether electricity is direct or indirect, but these studies look 
at electricity and gas composition by households and therefore implicitly categorise 
electricity as direct. There are some examples of authors that classify electricity use by 
households as indirect such as Weidmann and Minx (2008).
Classifying electricity use as direct for households, aligns with the finding that the main 
drivers for the level and growth of environmental pressures are final consumption and 
affluence (Lenzen et al 2007). As discussed in the main thesis however, as yet, it is not 
clear that consumers can bring about large scale changes towards more sustainable 
consumption. Choice editing for quality and sustainability by regulators, retailers and 
manufacturers has been the critical driver in the majority of cases (Sustainable 
Consumption Roundtable 2006).
A1.3 Examples from emissions accounting for businesses
Matthews et al (2008) investigate and review the importance of carbon footprint 
boundaries. They state that most protocols, including the WRI and WBCSD, define carbon 
footprint inventories in increasingly bigger scopes or “tiers” (Matthews et al 2008). With 
regards to their review of scopes or tiers, they state that:
“The “Tier 1” definition consists of the direct emissions of the organization itself (e.g., the 
CO2 emissions coming out of a firm’s factories and vehicles). “Tier 2” expands the 
boundary to include the carbon emissions of energy inputs used by the organization, given 
that the energy sector is a leading source of GHG emissions. An optional final tier expands 
the boundary to include “other indirect activities”, which is vaguely defined in general but 
presumably suggests adding in other known sources of GHG emissions for an industry.”
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More recently, Defra (2009) also state that the use of scopes is the most widely accepted 
approach to categorise emissions releasing activities. The UK guidance follows WRI and 
WBCDS (2004 and 2011) in using the scope 1, scope 2 and scope 3 terminology. They 
suggest that businesses should measure their scope 1 and 2 emissions but scope 3 is 
discretionary^^^. Matthews et al (2008) however suggest that such guidance will lead 
organisations to carbon footprint estimates that are relatively small in comparison with a 
full life-cycle footprint for the business. Defra (2009, p. 10) define scopes as follows:
“Scope 1 (Direct emissions): Activities owned or controlled by your organisation that 
release emissions straight into the atmosphere. They are direct emissions. Examples of 
scope 1 emissions include emissions from combustion in owned or controlled boilers, 
furnaces, vehicles; emissions from chemical production in owned or controlled process 
equipment.”
“Scope 2 (Energy indirect): Emissions being released into the atmosphere associated with 
your consumption of purchased electricity, heat, steam and cooling. These are indirect 
emissions that are a consequence of your organisation’s activities but which occur at 
sources you do not own or control.”
“Scope 3 (Other indirect): Emissions that are a consequence of your actions, which occur 
at sources which you do not own or control and which are not classed as scope 2  emissions. 
Examples of scope 3 emissions are business travel by means not owned or controlled by 
your organisation, waste disposal, or purchased materials or fuels.”
East (2008 page 7) provides some explanation as to why these scopes/tiers have been 
developed. He states that:
Guidance by Defra for SMEs does not distinguish between direct and indirect emissions.
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“7b help delineate “direct” and “indirect” emission sources, improve transparency, and 
provide utility fo r  different types o f organisations, different “scopes ” o f emissions (scope 
one, scope two, and scope three) are frequently used (World Resource Institute & World 
Business Council fo r  Sustainable Development 2008). These scopes have been designed to 
ensure a company will not count emissions twice and to enable emissions to be traced 
across the economy”.
Variation of use of direct and indirect is apparent in the Defra (2009) guidance itself. 
Although the guidance appears to classify electricity as indirect, for the main example used 
in the guidance (Tesco) electricity use is classified as direct as it also is for other key food 
retailers such as Sainsburys. It is not surprising that such Food retail stores classify 
electricity use as direct, as their most dominant GHGs and for which they have much 
control over (as shall later be seen) are from energy in the form of electricity (from the 
national grid) to run their stores and primary distribution etc (Tesco 2011). The boundary 
described for their direct carbon footprint is provided below in Figure l.I .
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Boundary for direct carbon footprint
Tesco offices and 
buildings
International
freight
Refrigerant
emissions
Business
travel
Tesco distribution 
centres Tesco stores
1 Primary distribution Tesco home
1 (incl. outsourced) delivery
Asset sites Waste recycling 
and disposal
Employee
commuting
Figure 1.1: Tesco’s boundary for direct carbon footprint (as seen in guidance by
Defra 2010, page 13).
Tesco (2011, page 2) state that: “ ITe define the scope o f our direct footprint in line with 
industry standards, which comply with the guidelines set out hy the World Business Council 
fo r Sustainable Development (WBCSD). We included energy use in all Tesco stores, 
distribution centres and offices as well as emissions from primary distribution, business 
travel and our Tesco.com home delivery vans. We also included the impact o f  the HFC 
gases used for refrigeration. ”
In 2009 Tesco was awarded the Carbon Trust Standard for year-on-year reductions in its 
carbon dioxide emissions in the UK.
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In the business and academic literature, studies vary on whether they class electricity use as 
direct or indirect. Regional business/sector analysis by Frey and Wiedmann (2008, p.9) 
class GHG emissions associated with electricity use as direct impacts. Quite a lot of other 
studies class electricity as indirect.
This British Standards Institution, Publicly Available Specification 2050 (BSI 2008) 
specify guidance on measuring life cycle greenhouse gas emissions of goods and services. 
In this document, they do not explicitly use the terminology direct and indirect. They use 
the terminology of upstream emissions, which the current study took to correspond with 
indirect emissions. They classify these upstream emissions as (PAS 2050:2008, p.5):
“G7/G emissions associated with processes that occur in the life cycle o f  a product prior to 
the processes owned, operated or controlled by the organization”
This British Standards Institution classification was the definition adopted early on in the 
current project to signify indirect emissions. With the passage of time, it is realised that 
actually the PAS 2050 definition is not as clear as it could be. The arguments for and 
against classifying electricity as direct or indirect are now discussed.
A1.4 Logic and arguments for emissions from electricity use to be termed indirect 
versus direct
With regards to arguments for electricity to be classified as indirect, the carbon intensity of 
electricity per kWh (offered on the market) can only be controlled by the supplier/seller of 
electricity, as they decide on the choice of electricity generation technology as well as the 
specifics relating to the running, maintenance and upgrade of generation technologies. 
Knowing this and using the Tens’ of the carbon intensity (C0 2 /kWh) of electricity, one can 
understand the logic of defining electricity energy use as indirect energy, as the CO2 
intensity per kWh is not determined by the business that is consuming the electricity.
This is however one view. Another view can however be seen in Steinberger et al (2009) 
and others, which is reflected in the carbon reduction strategies of companies such as BT.
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Steinberger et al (2009) state that energy demand (the kWh’s of energy), paradoxically is 
not driven by the demand for energy itself, but rather by a demand for energy services 
(Steinberger et al 2009 cite Lovins 1976, Jochem 2000; and Johansson and Holdemberg 
2004). Such services are said to include ambient temperature, mobility, and other services 
resulting from appliances. On site technology and appliances are required in the process of 
generating useful energy services via use and conversion of electricity into other forms of 
energy. The current author notes that the carbon intensity of the service (COz/unit of 
service) depends on not only the carbon intensity of the electricity per kWh, but also quite 
substantially on how efficiently the onsite technology (of the demander) converts electricity 
into a given output of energy service. Additionally, the behaviour, habit and preferences 
etc. of the workers/consumers affects the carbon intensity of the services. The need, 
demand and output for and of such services can also be effected (and in some cases 
controlled) as a result of the environment around which the service is to be consumed e.g. 
design of building (e.g. via insulation fitting) and the climate outside the building etc, as 
well as the company structures and organisational arrangements and logistics that support, 
relate to and interact with the energy service. Additionally, individual actions such as 
choice of appropriate clothing can influence the need of the energy services such as 
heating. There are often many ways in which a company may reduce and control the 
carbon intensity of an energy service, as well as the need for output of such energy services.
Even when not using the energy services perspective, and instead using the CO2 intensity 
per kWh perspective, the demander of the electricity can heavily control and influence the 
carbon intensity of the electricity that is sold and that it chooses to use by purchasing low 
carbon electricity.
In practice, some businesses are actively taking this view towards the control of the carbon 
intensity of electricity (per kWh) via a ‘green’ tariff and via control of the carbon intensity 
of energy services and extent to which such services are used. BT are a clear example. 
Tarboton (2011) sets out BTs approach in driving energy and carbon dioxide reduction. 
Like the waste hierarchy, BT have a priority of action, this is seen in Figure 1.2.
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Low Carbon Energy
Figure 1.2: Priority of Action as part of BT’s energy and carbon strategy (Tarboton
2011)
It can be seen from Figure 1.2 that at the top of BT’s strategy is to reduce energy and 
carbon dioxide emissions via improved energy efficiency. This heavily relates to 
improving the carbon intensity associated with energy services. What can also be clearly 
seen is that part of their strategy is to control the carbon intensity (CO2 per kWh) of the 
energy they are supplied by purchase of low carbon energy (therefore choosing to shape the 
nature of the electricity production). Tarboton (2011) states that BT believes ‘demand pull’ 
from energy consumers can play a key role in driving low carbon energy use. In this way, 
demanders of electricity can control to quite a large extent the CO2 per kWh in the 
electricity they choose. This is an important point.
The priority of action is similar to the priority of action prescribed by the waste hierarchy: 
prevention, re-reuse, recycle, other recovery and disposal which has been a guiding 
principle in sound environmental management of waste (Defra 2012). In general 
environmental impacts from business production/ household living will be much lower if 
you can avoid energy/material use as opposed to applying ‘end of pipe’ technologies to 
reduce environmental impacts associated with production of material or energy, that could 
have been avoided entirely.
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With regards to energy efficiency, BT have a wide range of actions across the group that 
drive energy efficiency: house keeping (depowering legacy ICT equipment, heating and 
cooling set points, office space reduction, consumption analysis, operations and 
maintenance); Technology (Building management systems, variable speed drives, boiler 
control, operational cooling, lighting and controls); Strategy (Energy in tender adjunction, 
energy in business cases, energy modelling for strategic decisions). Clearly activities 
around house keeping, technology and strategy from operations owned, operated or 
controlled, can shape the carbon intensity of energy services used and their extent of use.
Other aspects that are important in the debate about whether electricity should be classified 
as direct or indirect, relate to the nature of GHGs as a pollutant, the need for electricity to 
balance in real time and compatibility with water use and waste. These issues will be dealt 
with in the following paragraph.
The nature of carbon dioxide and other GHGs as pollutants, is that they have ‘globalised’ as 
opposed to ‘localised’ impacts resulting from pollution. It does not matter where in the 
world they are emitted, impacts are not localised to only where the pollution is emitted. 
This means that what is important is not where GHGs are emitted, but the fact that they are 
emitted in the first place. In relation to the CO2 intensity of energy services, the extent of 
CO2 emissions produced is the direct result of the CO2 per kWh resulting from the 
technology of choice for generation, the choice and altering of business technologies that 
convert electricity into the energy services and the environment around which the energy 
service is used.
To see GHGs that result in providing an energy service as only being controlled by the 
electricity generation company and therefore indirect^^^ neglects two (and one could say all 
three^^^) of the variables that determine resulting GHGs. Also the terminology ‘indirect’ is 
suggestive that the impact is not directly related to a person or business’s individual
Unless generation occurs onsite at the business.
If one accepts that electricity consumers have control over high or low carbon electricity purchased as BT make the case.
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actions, when actually to a large extent the GO2 intensity of energy services can be largely 
the result of a business’s actions.
When classifying water use, direct water use is classed to be the water consumed by the 
business or household. Yet externalities for water, like for electricity, nearly always occur 
away (and often far away) from where the water is used/consumed (generally occurring 
where the water is extracted).
A1.5 Conclusions
From this discussion it can be seen that electricity use has been classified as direct and 
indirect in the past. There are various arguments for classifying as direct and indirect, as 
discussed above. To avoid confusion, UK guidance such as Defra (2009) use the 
terminology scope 1, scope 2, and scope 3 emissions as outlined above which follows WRI 
and WBCDS 2004. This project identifies upfront in the thesis which scopes are associated 
with our direct definition and which are associated with our indirect definition. The 
current study chose early on in the project to classify electricity GHGs as direct for the case 
study of food retail and Hospitality businesses in this PhD and this fits well with the 
categorisation of waste and water use (for which externalities e.g. methane from 
degradation and water extraction impacts are realised at the site of the disposer or supplier). 
There are arguments for electricity to be classed as indirect, but there are also arguments for 
it to be classified as direct as discussed, and following leading food retail companies and 
previous guidance (PAS 2050). This is an interesting topic, and could perhaps be the 
subject for further investigation, however further investigation is outside of the scope of 
this thesis. The main aim of this appendix is to provide background that informs the 
decision made in this thesis in relation to classifying GHGs associated with electricity as 
direct or indirect.
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Appendix 1.2 Current and future demands for an emissions and 
water use estimation framework
A l.l  Introduction
As identified in Figures 1.1 and 1.2, the proposed framework could be applied to a range of 
uses for businesses, government and non government (stakeholders). This appendix 
identifies in detail the needs and demands of business and government in bringing forth 
resource efficiency and environmental accounting and reporting, and the proposed 
framework can aid this. A focus is put on resource efficiency because substantial benefits 
to both business and government can be attained from this. The demands of businesses are 
firstly investigated, followed by government needs and demands.
A1.2 Demands from business
In investigating local demand for detailed emissions and water use estimates from 
businesses, a report on Business Resource Efficiency by AEA and SDRN (2009) is very 
useful due to engaging directly with business, business representatives and decision makers 
on business resource efficiency. A report by Oakdene Hollins (2011) is also very useful 
due to its focus on resource efficiency and financial savings for UK businesses. ENDS 
(2011) also build on this and other work and synthesise some useful points. All three 
reports relate to business resource efficiency, and other useful studies are also cited where 
appropriate. Resource efficiency (including using energy more efficiently) and its financial 
benefits are seen by the current author as the most direct benefit that businesses can attain 
from improved environmental performance (via reductions in GHGs, waste and water use). 
This is confirmed in the review by Oakdene Hollins (2011). The Oakdene Hollins report 
for Defra (2011), calculated that for the year 2009, businesses could save 23bn a year at 
very little cost. It is said that the savings of this magnitude are feasible via business 
investments in reducing material, energy and water use with a payback of less than a year 
(ENDS 2011).
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ENDS (2011) suggest that the report should provide a stampede of interest by business in 
resource efficiency, given that businesses profits are currently squeezed by high global 
commodity prices. Although this may be so, in the past large scale interest from 
businesses has not been the case. The ENDS Report (2011, page 40) states that:
''the UK government has invested hundreds o f  millions o f  pounds o f  public money in 
business resource efficiency over the past six years to promote both its environmental 
benefits and commercial cost savings. The rational fo r  this has been partly the failure o f  
Britain’s companies, when left to their own devices, to reduce the use o f  finite, non­
renewable resources, even though such a reduction often makes excellent business sense. "
ENDS (2011) go on to state that after a series of recent key reports and policy 
announcements, resource efficiency is now seen as vital for sustainable economic growth, 
preserving natural capital and in reducing resource scarcity risks for UK businesses. In 
investigating business resource efficiency the report by AEA and SDRN (2009) is 
particularly useful as it conducted a workshop with 50 participants (businesses, 
representatives of trade unions and decision makers). The workshop has direct relevance in 
understanding how CLARE estimates might be helpful in aiding businesses resource 
efficiency and the needs and demands of businesses. We use AEA and SDRN (2009) to 
provide a structure for discussion in relation to business needs, but also draw on a range of 
other studies to inform discussion.
The workshop by AEA and SDRN (2009) involved presentations, followed by discussion 
and then break out groups. The workshop was organised to answer five questions, two of 
which are particularly pertinent in understanding the needs and demands of businesses in 
relation to resource efficiency^^^:
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Remaining questions were as follows:
1 ) “Prior to 2008, what support programmes were available to businesses to help improve their resource efficiency, and what elements o f  
these programmes worked well?”
2)” What support is now available to businesses to help them improve their resource efficiency?”
3) “How is business resource efficiency support likely to improve in light o f the recent changes to support programmes?”
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4) “What are the challenges to engaging all types of businesses in the resource efficiency 
agenda and what prevents them from acting?”
5) “What else needs to be done in order to get all businesses to adopt more resource 
efficient practices?”
Given that the workshop provided answers to these questions, the findings can provide 
some evidence on local business needs and demands. A summary table of the main points 
raised by the three break-out groups from the workshop is provided below in Table 1.1 and 
is used to direct discussion.
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W hat w orked w ell w ith  regard  to  
encouraging business resource 
efficiency?
W hat d id n 't w ork w ell w ith  regard  to  
encouraging business resource 
efficiency?
W hat a re  th e  im m ed ia te  obstacles for 
th e  near fu tu re?
Landfill Tax
Pre-treatment of w aste regulations
Making landfill tax more applicable to 
SMEs
1
C 0 2  commitments (largefirms 
only)
LA’s  recycling for b u sinesses a s well 
a s dom estic
Lack of enforcement of legislation
Climate Change Levy Som e policies weren’t relevant for 
SMEs
Mix of voluntary and mandatory 
m easures
i . EU Directives CCL not rising!
Making the true cost of waste more 
apparent
Fast Track visits Too many programmes Lack of 1:1 support
Supply chain work Innovators and designers were not 
full engaged
Encouraging long-term behavioural 
change
V
E Envirowise helpline Form filling for funding Lack of reliable data
1o.
Existing local initiatives and 
networks e.g . The Resource 
Efficiency Clubs
ECAs Targeting SMEs
C0
1
Envirowise/Business
Linkcrossover Lack of follow-up on direct support
Matching top-down and bottom-up 
approaches
V) Courtaulds Commitment Som e local initiatives were under­
utilised
NETREGs
£C
Support worked well for large 
bu sinesses
Lack of engagem ent with smaller 
bu sinesses
Engaging all sectors and smaller 
bu sinesses
1
Engaging with local suppliers 
w as successful Rural and hom e-based bu sinesses  
were not well served
Infrastructure required (e.g. recycling 
centres) in order to enable small and 
rural bu sinesses
OJc
3CÛ
Finding a way to develop networks, 
e.g . for sharing vehicles or technology
c
NISP’s  continuous engagem ent Lack of dissemination about best 
practice
More awareness-raising is needed
I I
Envirowise website Lack of information about green 
suppliers
Need a champion -individuals who 
can promote resource efficiency
11
8
Local advertising and aw areness 
raising campaigns especially via 
radio
.Over communication, e.g.mail shots
Trade Magazines
Table 1.1 The main points raised by each of the three break-out groups from the 
workshop (AEA and SDRN 2009, page 16)
Our discussion focuses on the three lower theme categories of the table (Support 
programmes, Business engagement and Communications methods) and the far right column 
(What are the immediate obstacles for the near future?) as these are of most relevance in 
understanding the needs and demands of business. Relevant further quotes from the 
workshop are incorporated where appropriate to provide more depth on each of the points 
for these various themes.
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It can be seen that in relation to support programmes, immediate and near term obstacles 
for business relate to: a lack of 1:1 support; encouraging longer-term behaviour change; the 
lack of reliable data; targeting of SMEs.
In relation to 1:1 support it is stated that:
"There was considerable discussion about the one-to-one support formerly offered by 
Envirowise through fast-track’ visits. Many participants fe lt that the 1:1 support was 
excellent and that it was especially valuable fo r  helping small businesses improve their 
resource efficiency. Participants discussed this approach and the fact that, from a funding  
point o f  view, this 1:1 support was not sustainable. A new approach is needed to engage as 
many businesses as possible with limited funds through a ‘one-to-many’ approach.” (AEA 
and SDRN 2009, page 15)
From Defra (2009b), it is particularly clear that support can be very important to SMEs, as 
they tend to be the least engaged businesses; often with a single manager spending less than 
10% of his time on environmental management. Quantitative physical information is very 
important in terms of environmental accounting (Viere et al 2011) but also in terms or 
resource efficiency. AEA and SDRN (2009) identify that:
"workstream activities identified that more quantitative data is needed to help businesses 
benchmark where they are and where they need to be in terms o f resource efficiency”. 
(AEA and SDRN 2009, page 18)
Addressing the point around targeting of SMEs the following information came forward:
"Small and medium sized enterprises (SMEs) and micro-businesses are less engaged with 
efforts to improve business resource efficiency, often because SMEs believe that they are 
too small to benefit. SMEs account fo r  99.9% o f  all enterprises in the UK and it is therefore 
important fo r  existing resource efficiency support programmes to explore what else can be 
done to ‘reach out’ to a greater number o f  SMEs”. (AEA and SDRN 2009, page 18)
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There can certainly be profitability from actions such as waste minimisation. UK 
experience suggests that businesses across a mix of sectors typically save 4-5% of turnover 
by employing waste management techniques (BIS and Defra 2010). SME businesses 
however, are less engaged in resource efficiency and one of the issues to engagement 
relates to costs vs benefits. Although investments may have a + net present value (NPV), 
the overall size of the projects and their NPV may often be too small overall to incentivise 
action. BIS (2010) identify that SMEs also tend to employ higher discount rates, further 
compounding the issue. Although benefits may be profitable but small individually, given 
the number of SMEs nationally and their impact of resource use (e.g. C&I waste), potential 
benefits overall for the UK will be significant. In the case of reducing GHGs, DECC 
(2010a) identify that 24% of UK industry and service sectors GHG emissions are from 
organisations from businesses not covered by the EU Emissions Trading Scheme, Climate 
Change Agreements or the Carbon Reduction Commitment (therefore many small and 
medium sized businesses). Of these emissions service sectors are the majority contributor.
Oakdene Hollins (2011) identify that larger businesses are more inclined to pay for services 
that will improve resource efficiency, because of this, and because SMEs are less engaged, 
there is perhaps greater chances of finding (Tow hanging fruif) resource efficiency 
opportunities within smaller businesses. To realise such UK wide benefits from smaller 
businesses, there needs to be some way of engaging them^^\ In relation to energy 
efficiency for SMEs, BRE and DECC (2009) cite Hospitality and Retail as key sectors for 
cost effective potential in energy efficiency opportunities. They do however, cite a range of 
issues in SMEs, such as access to capital, attitudes to energy efficiency, transactions costs 
and split incentives.
For the theme: ‘business engagement’ in Table 1, immediate and near future obstacles 
related to: engaging all sectors and smaller businesses; infrastructure required in order to
If a third sector existed to enable implementation of resource reduction measures it could almost be a sector on its own right given the 
scale o f financial savings with payback of one year or less identified in Oakendene Hollins (2011).
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enable small and rural businesses to engage in resource efficiency; and finding a way to 
develop networks. More detail is now provided on these points.
Relevant to engaging all sectors and smaller businesses, it is stated that (AEA and SDRN 
2009, P. 15):
"Key harriers to engaging business were considered. Many suggested that resource 
efficiency is perceived to be a distraction from the core purpose o f a business.”
When a business makes a decision to invest time and effort in one task over another, there 
is always an opportunity cost. For this reason, even if resource efficiency actions do 
provide a reasonable financial payback, the scale of the payback for the company of 
concern may not be as great as if the same time had been devoted to marketing the 
company’s core products. This point relating to opportunity cost is also made in the review 
by Oakendene Hollins (2011). Although this may be so the report identifies that in terms of 
low cost energy efficiency opportunities the Retail and Hotel sectors are in the top five 
sectors of those looked at and the top two service based sectors. It is estimated that £140 
million (no cost/low cost with payback within a year) of savings opportunities exist for the 
Retail sector and £99 million for the Hotels sector^^^. So clearly, resource efficiency can be 
profitable, but profitability may not be enough to incentivise action. The current author 
based on review, believes there is an issue of ‘scale’ in the sense that the scale of business 
opportunity in not always large enough to engage business. In terms of recycling it is clear 
that SMEs could also significantly improve. For example, GHK and Defra (2010) found 
from their survey that a third of SME businesses sampled did not have their waste collected 
for recycling at all. It was also clear that SMEs want more services.
In relation to infrastructure required in order to enable small and rural businesses to engage 
in resource efficiency and finding a way to develop networks, more depth on this important
GHG savings that would result are estimated to be 704 and 559 KTC02e respectively.
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point was provided in the key summary of finding of AEA and SDRN (2009). It was stated 
that:
"Rural businesses, fo r  example, are limited by infrastructure and a lack o f  access to waste 
management and recycling services. Although technology lists have helped to some extent, 
important equipment — such as waste balers — remain missing from these lists. Services that 
enable businesses to access this equipment more readily are needed. Regionally focused  
funding is also required. Local networks can provide valuable help fo r  businesses in a 
particular region.” (AEA and SDRN 2009, page I)
Due to national level funding cuts and the end of RDAs, it is likely that such services may 
now only occur via local funding and support.
For the theme: ‘communication methods’ in Table 1, immediate and future obstacles relate 
to: the need for more awareness-raising and for individuals who can promote resource 
efficiency.
In relation to the need for more awareness-raising it is stated (AEA and SDRN, p. 15) that:
"The discussion sessions highlighted that despite the increasing awareness o f  resource 
efficiency, businesses that are engaging in this agenda are still in the minority. Often SMEs 
are not up to speed with their environmental credentials because there is a lack o f  
knowledge on how they can meet the desired environmental policy requirements. Recently 
many SMEs have been losing contracts because they do not have environmental policies in 
place. However, many businesses have difficulty understanding the importance o f  acting, 
the availability o f  services to support them in acting and how to obtain such support. It was 
noted that over 50% o f  people are not aware o f the existence o f  Envirowise and other 
support programmes. ”
The workshop recommendations stated that:
452
"More businesses need help understanding why resource efficiency is important, what 
actions are required, what are the costs o f  acting and not acting and most importantly w hy. 
should they act?” (AEA and SDRN 2009, page 17)
It is said that a key driver for businesses to act is to demonstrate their environmental 
credentials across the whole supply chain. The workshop recommendations emphasised 
that business should act to improve resource efficiency across the whole supply chain - 
therefore looking at direct as well as indirect impacts. WRAP (2009a) also demonstrate 
that strategies such as lean production that can look at reductions along a supply chain can 
have significant GHG reduction and economic benefits. Lean production looks to reduce 
the amount of materials used in products, often across a range of sectors, whilst still 
ensuring quality. Such material reductions can reduce embodied GHGs as well as a waste. 
GHG reductions from actions taken along supply chains are clear from WRAP (2009a). 
The Environment Agency (2010) identifies other potential benefits from supply chain 
actions such as improvement of environmental credentials.
The need for an individual who can promote resource efficiency is believed to resonate 
with the need to sensitise and seek out ‘champions’ within businesses.
A discussion on how CLARE may be of use in helping address these points is now 
discussed.
A1.3 Uses of a framework in addressing the needs and demands of business
From the above work, it is felt that for the theme of support programmes, the proposed 
framework could help in addressing the following gaps: lack of 1:1 support; providing 
more quantitative data; and targeting of SMEs. Targeting of SMEs is discussed in the 
government section as is a lack of 1:1 support as these are most relevant to the needs of 
government in providing support. It is believed that encouraging long-term behavioural 
change falls more neatly with the theme business engagement, so this is discussed in this 
later theme. With regards to the business engagement, the proposed framework may help 
in addressing the following: engaging all sectors and smaller businesses, encouraging long-
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term behavioural change; and finding a way to develop networks e.g. for sharing vehicles 
and technology . Development of networks is discussed in the government section as a third 
party is required to help conduct this. For the communication methods theme: an 
emissions and water use estimation framework can help in addressing awareness raising 
and the need for champions.
Use of a framework in providing starting benchmarks
The framework developed in this thesis can provide a quantitative benchmark for each 
business. Such quantitative benchmarks could move many businesses from being in a 
position of missing information (on their waste resources and emissions impacts) to an 
improved position of imperfect information. The level of information provided may be 
enough to help the business (and potential champions) understand that they do have a role 
to play in bringing about resource efficiency and reducing environmental impacts, and that 
there could be benefits to the company from monitoring and reducing environmental 
impacts via reducing resource use. Producing quantitative data relevant to the business 
could hopefully help prompt businesses towards generating their own more accurate 
quantitative reporting in future once value and relevance of estimates is communicated in a 
relevant wav to the business (via the starting benchmark)^^^. It has to be acknowledged that 
to move progressively forward from a position of imperfect information to perfect 
information, can only occur from the company’s own monitoring. Therefore the point is to 
engage business towards a situation of better information and towards accounting and
274reporting .
In the future, ‘one to many’ benchmarks could include an example of expected resource 
savings for a company from a given resource efficiency investment relevant to a business. 
This would provide the business with an idea of the potential benefits (and costs) involved 
in investing in resource efficiency and could help companies to quickly assess potential 
financial benefits and business case for them from common resource efficiency measures
Links could be provided with the estimate for further guidance and examples relevant to the business.
GHGs, waste and water use estimates are currently generated by CLARE and these could easily include energy use in future (as this 
is already calculated when generating GHG benchmarks).
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(relevant to their business type). This could help in addressing information and cost barriers 
(and perceived cost barriers)^^^. Defra (2006) demonstrate such an approach, they 
produced financial savings estimates based on a 15% energy saving for different sized 
organisations as seen in Tablel.2.
Organisation Size Micro (<10) Small {<50) Medium(<250)
Total Category Emissions (KtC) 5,578 4,198 1,188
Emissions (tC/o^anlsatfon) 5 40 250
E ne^ costs (S/organisation) £600 £4,600 £30,000
Energy savings at 15% (£/orgsnisatfon) £90 £720 £4,500
Equivalent person-days / organisation 0.2 1.4 9
Table 1.2 Annual indicative ‘private benefit’ calculation by organisation size (Defra 
2006 and used in Oakdene Hollins 2011, page 102)
The above are very ‘broad brush’ estimates, but a framework could be developed to 
generate business specific estimates. For indirect physical estimates produced by such a 
framework, one may wish to associate monetary values to identify financial savings from 
potential CO2 energy and materials reductions in a product supply chain and environmental 
life costing. In the future, this extension may be quite possible using appropriate price and 
quantity (e.g. price per tonne of CO2) data with physical estimates (e.g. tonne of CO2). 
Also, input-output frameworks are well suited for looking at both monetary and physical 
flows. The first step towards this is to conduct physical estimations and investigate 
uncertainty associated with such estimation.
Business engagement
Providing starting benchmarks to all businesses o f various sectors could be the first step in 
a process of engagement with sectors and smaller businesses in a local area. Ideally, the 
emissions and water use estimation framework should be possible to use across different 
sectors and business sizes. Benchmark estimates and associated information could improve 
engagement with businesses via improving understanding of emissions and water use
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If businesses wish to invest further effort in investigating such investments then their research costs and diversion from core business 
can be further reduced by information provided in conjunction with benchmark estimates (as part o f the ‘one to many’ approach - e.g. 
providing knowledge and links to relevant information such as case studies that identify practicalities relating to these investments and 
the range o f  time and costs that can be incurred from a given scale o f investment by type relevant to the business o f concern).
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impacts specific to their own business and illustrating the reporting of quantitative data (in 
a useful form). It is said in AEA and SDRN (2009) that improved understanding should 
help support and create long-term behavioural change in businesses. This is stated as 
essential to ensuring that resource efficiency improvements continue into the future. In 
order to help businesses ‘know where they need to be’ (also identified as important) pilot 
targets could potentially be developed from emissions and water use estimates. This could 
help businesses understand and anticipate the likely longer term environmental goals that 
they might strive for (in line with national targets).
Emissions and water use estimates provided by a framework could help reduce bounded 
rationality by enabling a business to have an emissions and water use estimate (and 
possibly a financial savings estimate specific to the business in future) without any effort 
required from them. This bypasses/reduces the need for time and attention and diversion 
from core business to get a basic understanding of their company’s impacts and potential 
savings. Sorrell et al (2000) terms this as economising on bounded rationality: enabling 
actors to make efficient choices without requiring extensive effort in attaining and 
analysing information.
In relation to form of information, Sorrell et al (2000) state that form of information is 
critical. To be effective, information has to be specific, personalised and vivid, simple and 
available close in time to the decision. The ‘personalisation’ of estimates to individual 
businesses could be one of the key advantages of a framework that uses quite detailed 
approach, as opposed to a more general approach combining environmental accounts with 
UK 10 to attain UK estimates for sectors at just a local level. It is important to produce 
estimates at the individual businesses level as this is where engagement, motivation and 
action occur from. Credibility and trust in the source of information are also important. 
Estimates from a framework may gain more attention if provided to the businesses from a 
source they are likely to trust, therefore it may be important for partnerships to be formed 
(e.g. with trade associated or familiar bodies such as the Carbon Trust) when disseminating 
business emissions and water use estimates. In relation to reliability of the information, 
estimates from a framework would be provisional and not actual estimates, and this must be
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communicated to the business of coneem. It should be identified that they are a ‘taster’ of 
their business’s likely impact on emissions and water use. Communication of uncertainty 
within a range for the estimation framework and its estimates may also be a useful property 
in ensuring credibility^^^.
A1.4 Needs and demands of government
National and regional level government spending on resource efficiency will substantially 
drop in the near future: ENDS (2011) state that DEFRA’s £56 million investment in 
resource efficiency in 2010/2011 is projected to nearly halve to £30.1m by 2014/15. They 
also refer to cuts in regional funding stating that:
“I f  there is ever to he a real transition to a green economy it will require resource 
efficiency improvements by the UK’s hundreds o f  thousands o f  small and medium sized 
enterprises (SMEs). So the end, next March, o f  Regional Development Agency (RDA) 
funding o f frontline resource efficiency help to firms in the English regions is potentially 
even more harmful than the DEFRA and WRAP budget cuts. ” (ENDS 2011, page 42)
Based on spending cuts to resource efficiency at the national and regional level ENDS 
(2011) state that government will have to depend on businesses inereasing their resource 
efficiency efforts independently (or as the current author notes, in conjunction with a 
different form of local level support). With the loss of RDAs, the creation of successor 
Local Enterprise Partnerships is happening and such partnerships may be able to group 
together and secure part funding from the European Regional Development Fund to help 
fund resource efficiency measures (ENDS 2011).
The loss of RDAs and move to Local Enterprise Partnerships, means that these and local 
government are the most likely governing bodies to engage with businesses on resource 
efficiency, even if in a limited way.
Uncertainty needs to be communicated in a clear and simple manner that the business can understand.
457
Resource efficiency at scale
A framework as envisioned by this study, could be used to estimate aggregate resource use 
from businesses in a local area and, with some additional information, likely resource 
efficiency savings in physical terms for businesses within the area. If business resource 
efficiency benefits are scaled up for an area by use of estimation techniques including 
physical estimates of the framework, a third party such as a Local Enterprise Partnership 
could potentially be generated with businesses to help implement many small scale but 
profitable resource efficiency measures in businesses that collectively may have a 
substantial financial return for the local economy. A key component of such investments 
would be an analysis of profitability which would require information on physical flows of 
material as well as transportation routes to estimate transport costs for a tonnage of 
material.
Given the barriers faeed by SMEs in conducting resource efficiency on their own, this 
might in future be a pragmatic way of engaging such businesses in order to improve 
resource efficiency and boost local economies. A cost benefit and feasibility assessment, 
making use of physical estimates from the proposed framework (for priority businesses) 
and other data, would have to be conducted for such an intervention by a third party such as 
a Local Enterprise Partnership. It may be that a percentage of the cost could be paid 
collectively by local businesses, and then benefits shared accordingly. Such an approach 
could provide economic benefits and jobs in local areas for local people that may not have 
come about without a third party intervention, to aid implementation of profitable but small 
scale projects.
The communities and local government website provides the following description with 
regards to Local Enterprise Partnerships^^^:
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On 28 October 2010, it was said that 24 partnerships have been set up thus far and are ready to move forward and establish their 
local partnership boards.
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^'Government is offering local areas the opportunity to take control o f  their future economic 
development. Local Enterprise Partnerships are locally-owned partnerships between local 
authorities and businesses and play a central role in determining local economic priorities 
and undertaking activities to drive economic growth and the creation o f  local jobs. They 
are also a key vehicle in delivering Government objectives fo r  economic growth and 
decentralisation, whilst also providing a means fo r  local authorities to work together with 
business in order to quicken the economic recovery. As Local Enterprise Partnerships are 
based on more meaningful economic areas, they will be better placed to determine the 
needs o f  the local economy along with a greater ability to identify barriers to local 
economic growth'". (Communities and local government 2011, page 1)
This description seems quite fitting to the sort of third party that might help in making 
resource efficiency investments become a reality for local SMEs, with consequent and 
ongoing benefits to businesses and community.
Beyond such applications of CLARE for Local Enterprise Partnerships, local government 
have already signalled their interest in the production of detailed emissions and water use 
estimates at the local level in both the UK and Germany^^^.
Use of estimates for footprinting purposes
So far, most of the government uses described relate to reducing direct impacts of 
businesses. Some may believe that local government should only be interested and looking 
at the direct impacts as for these impacts, local authorities have jurisdiction over. From 
looking at carbon footprints and strategies for some UK cities such as London and 
Plymouth (City of London Corporation 2009, Plymouth City Council 2011^^^) direct
Elizabeth Spratt an analyst with the Local Government Association showed interest in the ability to model business waste at highly 
detailed levels in 2011 based on a publication by Bradley et al (2009). A request was sent for the paper and relevant methods subsequent 
to publication. Elizabeth was attempting to demonstrate to government colleagues whether it was or was not possible to obtain an 
accurate figure on business food waste from all businesses in a local area. In relation to Germany Dr Sandra Lebersorger from the 
Institute o f Waste Management at the University o f Vienna, is currently undertaking a study for the German government on: “The 
Determination of the quantity o f food waste and recommendations for the prevention o f food waste in Germany”. Dr Lebersorger stated 
that she was very interested in the Bradley et al (2011) paper and requested a copy for use in the project for the German government.
http://www.plymouth.gov.uk/homepage/environmentandplanning/sustainableplymouth/susclimatechange/localcarbonframework.htm
impacts are those that receive most focus, attention and quantification. Although this is so, 
cities often quantify ecological footprints which do include indirect impacts, such as 
Cardiff and Brighton^^^. Additionally there is evidence that central government believe that 
a focus on indirect impacts is important. For example, a Greenhouse Gas Footprint 
Analysis of UK Central Government between 1990 and 2008 has been conducted which 
includes indirect (‘embedded emissions’) of the goods and services bought by Government 
(Defra 2010a) and at the local level Bristol City Council (2011). Also, it is clear from 
recent publications such as by Centre for Sustainable Energy (2010), that local government 
are interested in leading on climate change and household and businesses’ GHG emissions 
and they emphasise the need to focus on changing attitudes, increasing understanding and 
motivation to act.
Although impacts associated with a business’s indirect impacts will sometimes occur 
outside of local authority (and in some cases other parts of the world), often quite a number 
of the indirect impacts will occur in the UK. When one considers this, in addition to the 
fact that very often reducing direct and indirect environmental impacts and improving 
resource efficiency is most effectively dealt with through looking at a whole supply chain 
and the design phase for products (which effect multiple processes and businesses in a 
supply chain) as Gerbens-Leenes et al (2003) and others identify then it is clear that a 
focus on both direct and indirect impacts is important as it can help cost effectively 
maximise resource efficiency for the UK, and result in reductions in CO2 (a global 
pollutant) worldwide. WRAP (2009a) also provide evidence of the importance of looking 
at inputs along a business’s supply chain.
Cardiff Council, BRASS Research Centre, Cardiff University and WWF Cymru (2005). Forum for the Future 2010 
(http://wwvy.brighton-hove.gov.uk/downloads/bhcc/sustainability/Brighton_Sustainable_Cities_Index_2010.pdf)
Gerbens-Leenes et al (2003) find that: ‘ ‘an individual process chain-link showed little variation over time. For the Manufacturer of 
an end product, however, the collective behaviour o f several processes combined in the production chain can show large variation 
because very often there are several ways to make a final food item. An important advantage o f the system's perspective is that these 
differences among the production chain become visible.” (page 255, lines 21 to 29).
Nakumara and Kondo (2006) explicitly identify from their waste modelling results, clear examples o f the observation that: ‘‘costs and 
revenues as well as the environmental impacts o f products are determined to a high percentage in the design phase”', (identified 
byHunkeler and Rebitzer 2003 from previous literature page 109).
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The indirect emissions and water use estimates that CLARE is able to produce for all 
businesses of a sector, is the first step towards helping local authorities have an 
organisational account of the indirect impacts attributable to businesses within their area. 
It is believed that such business specific indirect emissions and water use benchmarks may 
become increasingly of value to local government as limitations of just focusing on direct 
emissions in ensuring UK sustainability are increasingly recognised (from research such as 
Nakumara and Kondo 2006 and others -  seen in the footnote of the previous page), 
especially for global pollutants such as CO2 .
Additionally, given the quantitative reporting gaps (for both large and small businesses) 
seen in Chapters 1 and 2, government could use emissions and water use benchmarks as a 
leaver and possible a form of soft regulation (discussed in later chapters) to help encourage 
businesses to acknowledge their direct and wider (indirect) impacts and start progressive 
monitoring and reporting of them.
The use of a framework as part of a support programme
Government and third parties such as NGOs could do with an efficient ‘one too many’ but 
local approach in providing support and identifying businesses that should be prioritised for 
support locally. A framework as is proposed could be used in conjunction with a range of 
services as part of the ‘one to many’ approach called for by the workshop. This can help in 
addressing a lack of 1 to 1 support.
A ‘one to many approach’ is the way that the proposed framework is to operate and be 
developed: providing benchmarks of emissions and water use for all businesses of a sector 
within an area in detail and from a single point; allowing generation of relevant information 
for business in an efficient manner when only limited funds are available. This latter point 
is particularly important given recent national funding cuts in resource efficiency and 
closure of RDAs.
The efficient support that such a framework could provide could be a component o f a ‘one 
to many’ package/service aiming to reduce costs to businesses in attaining information and
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at the same time providing information that can aid decisions and raise awareness of 
environmental impacts (both direct and indirect) specific to the business to sensitise 
potential champions as well as realise opportunities for resource efficiency and the need for 
accounting and reporting.
Such a package/service could possibly comprise: a staring benchmark on direct and supply 
chain indirect impacts specific to the business; case examples of expected resource savings 
from typical sector relevant resource efficiency investment to reduce direct impacts; and 
sector relevant guidance and advice. Some sector relevant advice and guidance are already 
available from e.g. Carbon Trust, WRAP and others, but are not immediately obvious or 
linkable to the businesses of concern and its impacts^^^. Such a service may be provided at 
the local level.
Targeting of SMEs
For environmental impacts and resource efficiency for SMEs, essentially there exists a 
‘diffuse pollution’ type problem: many companies having moderate to small impacts on 
resource use (energy and material) and pollution that, at a national level, have a large 
environmental and financial impacts. The diffuse and dispersed nature of impacts and 
benefits from resource use reduction actions creates an issue in terms of scale of benefit for 
some businesses as discussed, but also in terms of targeting of businesses for support.
Some SMEs in certain sectors however, will have much larger resource efficiency impacts 
and lower cost investment opportunities (such as Hotels) than others, this is shown in 
employee size band C&I waste statistics for the Hospitality sector (Environment Agency 
1999) and profitable resource efficiency opportunities described for sectors in Oakendene 
Hollins (2011).
Given this situation, it would be useful to have a framework that can be used to prioritise 
SMEs of a chosen sector within an area that are likely to be having larger impacts and for
Information o f financial benefits to the sector as a result o f monitoring and reducing environmental impacts via resource efficiency 
could also be provided to provide a ‘wider picture’ for the business.
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which profitability in resource efficiency is likely to exist. Current available models, such 
as those by Trucost (2008), only provide emissions estimates for businesses that come 
forward with economic accounts and reports and that are willing to pay. Many businesses 
will not come forth with data, and particularly if payment is required. This impacts the 
ability to provide a comprehensive account that can allow prioritisation. Therefore, there is 
a gap for an efficient model that does not require businesses to come forth with data and 
that can provide a comprehensive yet detailed account.
Targeting businesses using a framework would allow the ‘one to many approach’ or other 
infrastructure (e.g. services such as anaerobic digestion of food waste), to be progressively 
deployed across SMEs in an area to help meet the needs of businesses and the environment. 
Such targeting could result in support having more impact and being targeted more 
efficiently from both an economic and environment perspective.
Developing local networks
It is said that local networks can provide valuable help for businesses in a particular region. 
It would be useful to have a framework to help identify businesses from the same or 
different sectors within a local area that may have common interests, or may be able to help 
each other to deal with waste and energy in tandem and share vehicles or technology as 
well as other costs to improving resource efficiency. Such a collaborative approach could 
also help businesses see that others around them are making efforts to reduce their 
environmental impacts and this is important in bringing about pro-environmental 
behaviour. Development of such networks could be conducted at the local level in 
conjunction with local stakeholders or third parties. Opportunities for a dialogue between 
businesses and policy makers could result. The envisioned framework could be used to 
help identify businesses from which a local business could network with and investigate 
sharing equipment and costs relating to resource efficiency. This could help address cost 
barriers faced by businesses as well as increasing the scale at which environmental projects 
are conducted. In particular NGOs such as the National Industrial Symbiosis Project are 
well suited and could use such a framework to more efficiently and profitably (due to 
shorter travel distance etc.) partner compatible businesses for waste symbiosis, in a local
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area. E.g. in finding suitable businesses that have shorter distances between one another to 
reduce costs and transport emissions in conducting industrial symbiosis.
One way to develop such networks might be for government to organise a city or county 
level: local resource reduction network event, where businesses can meet other local 
businesses of relevance to them. This has the potential to be used as a local follow up event 
to the ‘one to many’ approach. For example the one off (or possibly recurring) event could 
use CLARE to identify businesses to a.) invite and then b.) to group businesses with 
relevant companies in the closest geographic proximity, and with similar problems in terms 
of waste and energy etc. Discussion groups could be generated around potential sharing of 
infrastructure, ideas and services for reducing business resource use as well as the business 
case for resource efficiency investments. For SMEs. such local events developed with use 
of CLARE would entail lower transport costs and time commitments which may improve 
attendance. SDRN and AEA (2009) identified finance limitations to be an issue for SMEs 
attending events, time is also likely to be an issue as this has a financial cost.
It is clear from this Appendix that CLARE can add value and have real use for both 
businesses and government and NGO applications.
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Appendix 2.1: Case study reviews of environmental reporting
A2.1 Introduction
Four company reports have been reviewed in this appendix. The company reports reviewed 
were as follows: J Sainsbury Pic; J.D. Weatherspoon Pic; Booker Group Pic; and the 
Restaurant Group Pic. These companies were chosen as they were the businesses that 
stood out as most clearly being linked to the case study of Food Retail and Hospitality for 
the current study. We only review the studies in a focused way to find out the extent to 
which they report quantitative estimates of their GHGs, waste and water use as this is most 
relevant to the task of the current project. J. Sainsbury Pic was reviewed first.
A2.2 Review of company reports
J. Sainsbury Pic: GHGs
\
J. Sainsbury Pic provided environmental reporting in their annual report and financial 
statement as well as their Corporate Responsibility report. The most information and in 
particular quantitative information was provided in their Corporate Responsibility report (J. 
Sainsbury Pic 2011) therefore we focus on this information. The company (heavily food 
retail based) was found to be most clear reporter of the four companies for GHGs. With 
regards to GHG reporting they provide absoltite values of tonnes of direct operational 
carbon emissions from their supermarkets. This does not include emissions from such 
activities as transport which they term to be: Logistics -  our operations. Their estimate of 
direct emissions is indicated to include emissions associated with electricity use (scope 1 
and scope 2 reporting). The fact that they report absolute values of carbon dioxide is 
excellent and much better than many other companies. They use emissions factors from 
Defra guidelines which is also good. They also provide these absolute values for six years. 
Estimates of Kg COa/m^ for their supermarket stores was also provided for six previous 
years. Historic data is useful as it helps monitor year on year performance.
From reading however, it appears that they do not provide absolute values of GHGs
relating to transport and logistics owned operated or controlled by them, instead they just
report quantitative estimates of improvement such as stating that CO2 per 1 , 0 0 0  cases
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transported has decreased to 120.5kg this year. This is quite an unclear and not 
particularly comparable statistic. In future these estimates could be improved by providing 
estimates for other GHGs beyond just carbon dioxide.
It is unclear whether they have estimated emissions for all processes owned operated or 
controlled by them as they just state absolute direct carbon dioxide (including electricity) as 
supermarkets only, it seems that emissions from transport have not been accounted for. 
Ideally, they should identify the extent to which reporting covers all direct emissions 
(emissions from processes owned operated and controlled).
In future it would also be useful if direct emissions estimates could be broken down by 
location in the UK as opposed to the aggregated estimates provided for the enterprise. 
With regards to indirect emissions (equivalent to scope 3), it was clear that much 
commendable work has been done by Sainsburys with suppliers, however no quantified 
absolute values or estimates of indirect emissions of the company was provided. Although 
a large task, the company could work towards estimating or reporting these in the future.
J. Sainsbury Pie: C&I waste
For C&I waste J. Sainsbury Pic do provide absolute values, which is very good. They 
provide these for waste going to landfill and diverted. They could however have provided 
absolute figures for important waste streams such as food waste. Again historical data is 
provided which is good. Data is in comparable units as tonnes. They also provide 
information on recycling e.g. batteries etc. as absolute figures on quarterly basis. This is 
good, but could be improved by providing annual figures. More disaggregated values by 
location would also improve reporting as opposed to just enterprise reporting. No estimates 
of indirect waste are reported.
J. Sainsbury Pic: water use
No reporting of absolute water use was present in the report. Some reporting of yearly 
reductions was conducted. This sort of quantitative figure on its own is not particularly 
comparable with other companies and could be significantly improved by providing
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absolute values of water use for the company annually. More disaggregated values by 
location would also improve reporting as opposed to enterprise values. No estimates of 
indirect water use are reported.
Booker group Pic: GHGs
Booker are a leading UK food wholesaler company. From looking at environmental 
reporting in their annual report and accounts 2011 (Booker group pic 2011), the company 
are clearly making some quite significant efforts to reduce their environmental impacts too. 
The company provide quantitative figures of absolute carbon dioxide savings from better 
distribution fleet management and better lighting and waste management systems, which is 
good. It is not identified whether these are annual figures, but this is assumed to be the 
case. No absolute values of the company’s direct or indirect carbon dioxide or GHGs are 
however reported. From the quantitative savings provided, it is very difficult to compare 
the direct or indirect GHGs generation of booker with other organisations, although one can 
see that they are making progress with regards to environmental performance.
Booker group Pic: C&I Waste
With regards to C&I waste some quantitative figures are provided, however they are quite 
limited. For example, it is stated that the company recycled 4 million litres of used cooking 
oil from their catering customers, a time frame is not provided. It is also stated that the 
company sent 7% less to landfill in spite of increasing sales by 6.2%. Again the period is 
not provided but is assumed to be a year. From this it is clear that their waste intensity is 
decreasing but it is unclear whether or not their absolute level of C&I waste increased or 
decreased. No quantitative figure on absolute levels of direct or indirect C&I waste are 
provided. This limited quantification makes assessment of the performance of Booker 
group Pic. with regards to waste, unclear, and not particularly comparable or transparent. 
They did report carbon dioxide savings from changes in waste management. This was 
good, but could be improved in future by providing the tonnage of waste that this relates to.
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Booker group Pic: Water
The water use of Booker group Pic. is not mentioned in the report. The lack of any sort of 
quantitative or qualitative reporting leaves the reader very unclear (transparency) as to the 
performance of Booker, and there is certainly no scope to make comparison with other 
companies.
The Restaurant Group Pic: GHGs
From their annual report 2010 (The Restaurant Group Pic 2010), it is clear that this 
restaurant based (Hospitality) company is making significant strides and progress towards 
monitoring and reducing their GHG impact. The report however, does not provide any 
quantitative figures of GHG savings, or the amount of GHGs that the company directly 
(scope 1 and 2) or indirectly (scope 3) produces. Given that no quantitative figures for 
their direct (scope 1 and 2) or indirect (scope 3) carbon impact or savings, it is difficult to 
make comparison with other companies, or have a clear transparent account of their impact.
The Restaurant Group Pic: C&I waste
For C&I waste, the company does provide some figures for the amount of cooking oil 
recycled annually and identifies improvements from the previous year in terms of recycling 
cooking oil. A few other recycling related figures are provided. No absolute values for the 
waste produced by the company, or that portion landfilled or recycled is provided by the 
company. Without such figures, it is difficult to have a transparent account of the 
company’s direct or indirect waste impacts, or to make comparisons with other businesses.
The Restaurant Group Pic: water use
Very limited information is provided with regards to water. A few qualitative statements 
are provided that show that they are making efforts to monitor and control water use. The 
lack of quantitative figures for direct or indirect water use makes it difficult to compare 
their water footprint with other similar companies, and leaves the reader unclear about their 
impact on water or their improvements in water use reduction.
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J D Wetherspoon pic: GHGs
From their annual report and accounts 2010 (J D Wetherspoon pic 2010), it is clear that this 
restaurant based (Hospitality) company is making strides towards monitoring and reducing 
their GHG impact. No quantitative figures of the company’s direct (scope 1 and 2) and 
indirect (scope 3) impacts are however provided.
J D Wetherspoon pic: C&I waste
For C&I waste, the company do provide some quantitative figures. The company 
identifies absolute reductions in their packaging waste as a result of working with suppliers, 
these figures are assumed to be for the year of concern but it is not clearly stated. They 
identify that they reduced 47.8 tonnes of plastic, 6 6  tonnes of card and 1 tonne of paper 
through these actions with suppliers (direct waste emissions). It is also stated that by 
reusing the crates in which their mushrooms are delivered, 31.9 tonnes of plastic are being 
reused annually. Beyond reducing packaging they also provide quantitative figures of the 
waste recycled by different waste streams for the year, and historic data.
Excluding glass, no absolute values of the companies direct waste impacts are however 
provided, this makes it unclear as to their impact on waste generation, and it is therefore 
difficult to make comparison with similar companies (so comparability and transparency 
are diminished). Although it is clear they have been working with suppliers, there is no 
mention or quantification of their indirect waste impact.
JD Wetherspoon pic: water use
No qualitative or quantitative mention is made on water use by the company. This leaves 
the reader very unclear on the direct and indirect water impacts of the company and if they 
are making any efforts to monitor or reduce their water use.
All of the four companies reviewed are large companies. Being in the FTSE index, these 
companies are likely to be under pressure to report environmental impacts. Many other 
Hospitality and food retail businesses will not be in the FTSE index, so have less pressure 
from shareholders.
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Appendix 2.2: Gas consumption modelling and process flows
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Appendix 2.2: Oil consumption modelling data and process flow
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Appendix 2.2: Coal consumption modelling data and process flows 
NAEI Emissions Mapping - Coal consumption modelling
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King and Tsagatakis (2006, pages 6,7 and 8)
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Appendix 2.3 -  Supportive data and analysis
Sector Relative error of 00% consumer 
emissions dE/E (in percentage term s)
Agriculture, hunting and related service activities 19
Fishing, operation o ffish  hatcheries and fish farms; serv ices 84
Production, processing and preserving of m eat and m eat products 25
P rocessing and preserving of fish and fish products: fruit and vegitab les 31
V egetab le and animal oils and fats 41
Dairy products 37
Grain mill products, starches and starch products 33
Prepared animal feed s 51
Bread, rusks and biscuits; manufacture of pastry go o d s and products 48
Sugar 45
Cocoa; chocolate and sugar confectionary 35
Other food products 33
Alcoholic b everages 82
Production of mineral w aters and soft drinks 46
T obacco products 77
Table 7.1: CO2 relative error, reported at a sector level by Weidmann et al (2008).
Uncertainties assoeiated with the current study’s sector level estimates will be different, as 
estimates are produeed from a two region model as opposed to a MRIO. Although there 
are clearly issues in using a two region model, partieularly due to the domestie teehnology 
assumption, the choice of this model was purposeful as the two region model inereases 
elarity, transparency and tractability of estimates produeed and these are important 
eharacteristies for estimates produeed from CLARE-indirect (given benchmarking 
applications). When applying a MRIO, as Weidman et al (2008) do, to look at sectors, 
uncertainties and traetability assoeiated with estimates become more unelear as aggregated 
sector data from different countries beeome ineorporated into estimation.
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Appendix 4.1: Leontief matrix manipulation technique -  further 
checks and discussion
A4.1 Introduction
In this section we address checks and discussion points relating to the matrix manipulation 
technique. These are as follows;
A4.2 Construction of the input-output system and the convention of balancing in I- 
O tables;
A4.3 Demonstration of the construction of the Leontief and estimation of output in 
the standard way with the Leontief matrix manipulation technique;
A4.4 Discussion of the functioning of the model that results from the Leontief 
matrix manipulation technique and balancing;
A4.5 Comparison of monetary output results for the actual 126 sector model with 
actual reported output of UK I-O tables for 2004.
A4.2 Construction of the input-output system and the convention of balancing in 1-0 
tables
Providing some insight on the construction of the 1-0 system is important as this is critical 
to informing on the convention of, and the need for balancing in input-output tables. This 
is now documented based on reading from Perman et al (2009).
Final demand and intermediate demand make up the entire demand for a sectors products. 
In the following hypothetical 1-0 system constructed below, demand determines supply 
(demand driven system), it is for this reason that output in each sector is made up of the 
sum of intermediate and final demand. It can be said that for each sector, sectoral gross 
input (demanded by industries) = gross output, as demand determines supply of
production.283
Inputs are required for production by each sector. For the table as a whole, it can be said that total intermediate output (demanded) 
=total intermediate input (and so total intermediate expenditure). Total final demand =total inputs o f primary factors (total final 
expenditure).
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Bringing this together with identities shown in the footnote at the bottom of the page, 
aggregate gross input = gross output. These are known as balancing identities within the I- 
O framework.
Using the balance identities shown above we can read across the rows for each sector from 
an 1 - 0  table and know that total output is equal to intermediate and final demand, this can 
be written as a set of ‘balance equations’ as seen below:
Xi= ZjXij + yi i= l...... n ( 1)
Where: x, = total output of industry i
Xjj = inter industry sales of commodity i to industry] 
yi = sales of commodity i to final demand
n= the number of industries ( 1 ....... 1 2 )
Perman et al (2009)
We can see this in the example input-output table ( 6  sectors) in Table 4.1. For sectors, it 
can be seen that the total use at basic prices (sum of the row) for each sector is equal to total 
output at basic prices (sum of each column for the sector and at the bottom of the table), in 
this way the tables balance.
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Agriculture Production, 
processing and 
preserving of 
m eat and meat 
products
Processing and 
preserving of 
fish and fish 
products: friit 
and vegetables
Dairy products Financial Other services
consumption
expenditure
Gross capital 
formation
Final u se s  a t 
b asic  prices ba sic  p rices
Agriculture
Production, processing and pres 2420959 1469520 2999462 6851944
Processing and preserving of fisl 1080334
Dairy products 2465270 4596826
financial
other services 3014418 3054393
Total dom estic 4086552 1940655 10531812 11709075 22240887
Agrucufture
Production, processing and pres
Processing and preserving of fisl
Dairy products
financial
other services
Total im ports
Taxes less subsidies on product
Total interm ediate consum ptir 1060653 11835104 9204513 2461051 13208852 25043956
Compensation to employees 1183080 1277489 1748497
Ofrter net taxes on production
Consumption of fixed capital
Operating surplus, net
Operating surplus, gross 3984101
Value a d ded  a t basic  p rices 2053997 2183919 3003470 10405783
O utput a t basic  prices 6851944 4596826 22240888
Table 4.1: Symmetric Input-Output table at basic prices - domestic and imports 
(million euro) based, a modified^^  ^table originally from Eurostat (2011).
In constructing the input-output system, the inputs to each industry from every other 
industry (all the Xÿ’s) are changed into technical co-efficient’s (as described in the main 
thesis section 3.9.2), these represent the structural linkages between various industries, 
marginally-per unit of output. These coefficients are used to create the Leontief, which is 
used in conjunction with final demand to estimate output as identified in equation 3.5 of 
section 3.3.1 in Chapter 3. If there was not balance in the form identified (total use of each 
sector being identical to total output of each sector) in the 1-0 table of Figure 4.1, then one 
or some of the technical coefficients generated (from the table) would be either too high or 
too low, and when later used in the Leontief these would result in either too high or too low 
a level of estimated sector output (when multiplied by final demand).
It should he noted that Table 4.1 is a modified Eurostat 2012 table. In the Eurostat table 
the third, forth and fifth columns and rows were the three sectors: Industry, construction 
and trade sectors. As we wanted a short example table, just to illustrate the matrix 
manipulation technique (with numbers), these three sector’s titles have been changed to the 
relevant food  processing sectors now seen in Table 4.1 -  (for illustrative purposes).
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It should be noted that Table 4.1 is a modified Eurostat 2012 table. In the Eurostat table the third, forth and fifth columns and rows 
were the three sectors: Industry, construction and trade sectors. As we wanted a short example table, just to illustrate the matrix 
manipulation technique (with numbers), these three sector’s titles have been changed to the relevant food processing sectors now seen in 
Table 4.1 -  (for illustrative purposes).
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A4.3 Demonstrating the construction of the Leontief and estimated output in the 
standard way and with the Leontief Matrix manipulation technique.
It is informative to show construction of the Leontief and estimated output that result from 
1-0 modelling using values from Table 4.1 (not the actual 1-0 table used in the project). 
The standard Leontief and the resulting Leontief from applying the Leontief matrix 
manipulation technique are demonstrated using the illustrative Table 4.1.
The A matrix used for both methods is firstly identified, starting with the standard. This is 
achieved as described in equation 3.7 of Chapter 3, essentially each inter-industry purchase 
in the column of each sector is divided by the relevant sector’s output.
Sector Agriculture Production, 
processing 
and preserving 
of meat and 
meat products
Processing 
and preserving 
offish and fish 
products; fruit 
and 
vegetables
Dairy products financial other
serv ices
Agriculture 0.120 0.025 0.002 0.005 0.001 0 .002
Production, processing and 
preserving of m eat and m eat 
products 0 .202 0 .353 0 .209 0.113 0 .043 0.072
Processing and preserving offish  
and fish products; fruit and 
vegetab les 0 .007 0.006 0.197 0.010 0 .023 0.013
Dairy products 0 .092 0.105 0.068 0.180 0.049 0.050
financial 0 .065 0.095 0.103 0.157 0.244 0 .100
other serv ices 0 .013 0.011 0.006 0 .015 0 .020 0 .072
Table 4.2: A matrix (standard)
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Sector Agriculture Production, 
processing 
and preserving 
of meat and 
meat products
Processing 
and preserving 
offish and fish 
products; fruit 
and 
vegetables
Dairy products financial Other
services
Agricultural
Meat
Agricultural 
Fruit and 
veg
Agricultural
Dairy
Agriculture 0 .1 2 0 0 .0 0 0 0 .0 0 0 0 .0 0 0 0 .0 0 1 0 .0 0 2 0 .1 2 0 0 .1 2 0 0 .1 2 0
Production, 
processing and 
preserving o f meat 
and meat products 0 .2 0 2 0 .3 5 3 0 .2 0 9 0 .1 1 3 0 .0 4 3 0 .0 7 2 0 .2 0 2 0 .2 0 2 0 .2 0 2
Processing and 
preserving o f fisfi 
and fish products; 
fruit and 
vegetables 0 .0 0 7 0 .0 0 6 0 .1 9 7 0 .0 1 0 0 .0 2 3 0 .0 1 3 0 .0 0 7 o . o o f 0 .0 0 7
Dairy products 0 .0 9 2 0 .1 0 5 0 .0 6 8 0 .1 8 0 0 .0 4 9 0 .0 5 0 0 .0 9 2 0.092 0 .0 9 2
financial 0 .0 6 5 0 .0 9 5 0 .1 0 3 0 .1 5 7 0 .2 4 4 0 .1 0 0 0 .0 6 5 0 .0 6 5 0 .0 6 5
other services 0 .0 1 3 0 .0 1 1 0 .0 0 6 0 .0 1 5 0 .0 2 0 0 .0 7 2 O .0 1 3 O.oda 0 .0 1 3
Agricultural Meat 0 .0 0 0 0 .0 2 5 0 .0 0 0 0 .0 0 0 0 .0 0 0 0 .0 0 0 0 :0 0 0 0 .0 0 0 0 .0 0 0
Agricultural Fruit 
and Veg 0 .0 0 0 0 .0 0 0 0 .0 0 2 0 .0 0 0 0 .0 0 0 0 .0 0 0 i 0 .0 0 0 0 .0 0 0 0 .0 0 0
Agricultural Dairy 0 .0 0 0 0 .0 0 0 0 .0 0 0 0 .0 0 5 0 .0 0 0 0 .0 0 0 0 .0 0 0 0 .0 0 0 0 .0 0 0
Table 4.3: A matrix (Leontief matrix manipulation version)
In Table 4.3, it can be seen that the three created sectors have technical coefficients 
highlighted in yellow which correspond with those of the three processing sectors in the 
first row of Table 4.2 (they are effectively moved and replaced with zeros). The technical 
coefficients highlighted in green for the three new sectors mirror those of Agriculture, they 
use the same Agriculture purchase and output figures from the 1-0 table (the changes made 
to actual 1-0 tables for the current project are described in section 4.4.1 of the main thesis). 
Both the A matrix’s are then converted into a Leontief. These are now presented below in 
Tables 4.4 and 4.5.
Sector Agriculture Production, 
processing 
and preserving 
of meat and 
meat products
Processing 
and preserving 
offish and fish 
products; fruit 
and 
vegetables
Dairy products financial Other
serv ices
Agriculture 1.150 0.049 0.017 0.015 0 .006 0 .008
Production, processing and prese 0.417 1.631 0.464 0.261 0 .128 0.161
P rocessing and preserving of fish 0.022 0.024 1.259 0.027 0.041 0 .025
Dairy products 0 .199 0.235 0.183 1.277 0 .105 0.101
financial 0 .199 0.265 0.273 0.307 1.371 0 .189
other serv ices 0 .028 0.030 0.023 0.031 0 .033 1.086
M ultipliers 2.02 2.23 2.22 1.92 1.68 1.57
Table 4.4: Leontief developed from the A matrix (standard)
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Adding up the elements of the columns of the matrices gives the multiplier for each 
industry/sector. The higher the multiplier is, the more links that industry has with other 
industries, the more structural interdependence the sector has with the rest of the economy 
(Van 1969).
Sector Agruculture Production, 
processing 
and preserving 
of meat and 
meat products
Processing 
and preserving 
offish and fish 
products; fruit 
and 
vegetables
Dairy products financial other
services
Agricultural
Meat
Agricultural 
Fruit and 
veg
Agricultural
Dairy
Agruculture 1.139 0.006 0.002 0.002 0.002 0.003 0.139 0.139 0.139
Production, process 0.417 1.631 0.464 0.261 0.128 0.161 0.417 0.417 0.417
Processing and pre 0.022 0.024 1.259 0.027 0.041 0.025 0.022 0.022 0.022
Dairy products 0.199 0.235 0.183 1.277 0.105 0.101 0.199 0.199 0.199
financial 0.199 0.265 0.273 0.307 1.371 0.189 0.199 0.199 0.199
other services 0.028 0.030 0.023 0.031 0.033 1.086 0.028 0.028 0.028
Agricultural Meat 0.011 0.041 0.012 0.007 0.003 0.004 1.011 0.011 0.011
Agricultural Fruit an 0.000 0.000 0.002 0.000 0.000 0.000 0.000 1.000 0.000
Agricultural Dairy 0.001 0.001 0.001 0.007 0.001 0.001 0.001 0.001 1.001
M ultipliers 2.02 2.23 2.22 1.92 1.68 1.57 2.02 2.02 2.02
Table 4.5: Resulting Leontief developed from the A matrix (matrix manipulation
version)
It can be seen that total multipliers (sum of each sector column) are the same in Tables 4.4 
and 4.5. The multipliers for the three new sectors (sum of sector column) mirror the 
Agriculture sector.
These two Leontief s can be run separately using the following equation: 
x = ( I -A )“*y (2)
When each Leontief is run separately with equations 2, effectively we have two different 
models: old model (6 ) and new model (9)^^^.
The total output that arises in Agriculture from the old model (6 ) is:
/=! (3)
The number signifies the number o f  sectors. In our actual modelling in the thesis it would be old model 
(123) and new model (126)
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Total output arising in Agriculture in the new model will be the same as total Agricultural 
output from the old model, when output resulting in the extra three sectors (sectors?, 8  and 
9) is added to the output from the first 6  sectors, this is shown in equation 4:
z=7 (4)/=! /=1
In relation to all sector output resulting from the two models, the following equation holds:
/=! /=1 z=7 (5)
We now demonstrate this with numeric examples, using the two Leontief s in Tables 4.4 
and 4.5. We firstly identify estimation of output using the Leontief and final demand 
vector developed from the original input-output table - old model (6 ).
Row 1 Column A Column B Column C Column D Column E Column F Column G
Row 2 Sector Agriculture, hi Industry Ini Constructic Trade, trar Financial s Other vervlces
Row 3 Agriculture, hi 1.150 0.049 0.017 0.015 0.006 0.008
Row 4 Industry indue 0.417 1.631 0.464 0.261 0.128 0.161
R o w s Construction 0.022 0.024 1.259 0.027 0.041 0.025
Row 6 Trade, transpc 0.199 0.235 0.183 1.277 0.105 0.101
Row  7 Financial serv 0.199 0.265 0.273 0.307 1.371 0.189
Row 8 Other vervlce: 0.028 0.030 0.023 0.031 0.033 1.086
Column 1
Row 1 Final demand
Row 3 126650
Row 4 2999462
R o w s 1130576
Row 6 2465270
Row  7 1932724
Row 8 3054393 ,
Table 4.6: Leontief matrix and final demand vector (original input output table)
Sector Calculation from relevant rows and collumns A nswer
Agruculture (B3*I3)+(C3*I4)+(D3*I5)+(E3*I6)+(F3*I7)+(G3*I8) 381876
Production, processing and preserving of (B4*I3)+{C4*I4)+(D4*I5)+(E4*I6)+(F4*I7)+(G4*I8) 6 8 5 1 9 4 4
Processing and preserving of fish and fisl (B5*I3)+(C5*I4)+(D5*I5)+(E5*I6)+(F5*I7)+(G5*I8) 1720275
Dairy products (B6*I3)+(C6*I4)+(D6*I5)+(E6*I6)+(F6*I7)+(G6*I8) 4 ,5 9 6 ,8 2 6
financial (B7*I3)+(C7*I4)+(D7*I5)+(E7*I6)+(F7*I7)+(G7*I8) 5112 3 4 3
other serv ices (B8*I3)+(C8*I4)+(D8*I5)+(E8*I6)+(F8*I7)+(G8*I8) 3577 6 2 4
Total 22240888
Table 4.7 : Demonstrated calculation of output (final demand*Leontief)
If one reads the answers provided in Table 4.7, they correspond with the monetary output 
reported in the original input-output table (far right hand column for each sector in Table 
4.1). Therefore, we know estimation of output is correct.
We now show the calculation of output using the manipulated Leontief - new model (9). 
Again the relevant Leontief and final demand vector is firstly identified.
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Column A Column B Column CColumn DColumn EColumn FColumn G Column H Column 1 Column 1
Agriculture, 
hunting and 
fishing
Industry
Including
Constructi Trade.
transport
comunicat
services
Financial
services
business
activities
Other vervices Agricultural rel 
to ind pur.
Agriculture 
relevant to 
construction
Agricultural rel 
to trade.
Agriculture. h iJ 1.139 0.002 0.002 0.002 0.003 0.139 0.139
Industry includ 0.417 0.464 0,261 0.128 0.161 0.417 0.417
Construction 0.022 1.259 0.027 0.041 0.025 0.022 0.022
Trade, transpd 0.199 0.235 0.183 1.277 0.105 0.101 0.199 0.199
Financial serv 0.199 0.265 0.273 0.307 1.371 0.189 0.199 0.199 0.199
Other vervices 0.030 0.023 0.031 0.033 0.028 0.028 0.028
Agricultural re 0.041 0.012 0.007 0.003 1.011 0.011 0.011Row 10 Agriculture rel 0.000 0.002 0.000 0.000 0.000 1.000 0.000
Agricultural re 0.001 0.007 0.001 0.001 0.001 1.001
4.8: Leontief matrix and final demand vector (manipulated Leontief)
Please note that no final demands exist for the three created sectors, therefore zeros are 
placed in these positions of the final demand vector.
Sector Calculation from relevant rows and collumns Answer
Agrucuiture (B3*I3)+(C3*I4)+(D3*I5)+(E3*I6)+(F3*I7)+{G3*I8)+(H3*I9)+(I3*I10)+(J3*I11) 182487
Production, processing {B4*I3)+(C4*I4)+(D4*I5)+(E4*I6)+(F4*I7)+(G4*I8)+(H4*I9)+(I4*I10)+(J4*I11) 6851944
Processing and preserv (B5*I3)+(C5*I4)+(D5*I5)+(E5*I6)+(F5*I7)+(G5*I8)+(H5*I9)+(I5*I10)+(J5*I11) 1720275
Dairy products (B6*I3)+(C6*I4)+(D6*I5)+(E6*I6)+(F6*I7)+(G6*I8)+(H6*I9)+(I6*I10)+(J6*I11) 4596826
financial (B7*I3)+(C7*I4)+(D7*I5)+(E7*I6)+(F7*I7)+(G7*I8)+(H7*I9)+(I7*I10)+(J7*I11) 5112343
other services (B8*I3)+(C8*I4)+(D8*I5)+(E8*I6)+(F8*I7)+(G8*I8)+(H8*I9)+(I8*I10)+(J8*I11) 3577624
Agricultural Meat (B9*I3)+(C9*I4)+(D9*I5)+(E9*I6)+(F9*I7)+{G9*I8)+(H9*I9)+(I9*I10)+(J9*I11) 173007
Agruicultural Fruit and \ (B10*I3)+(C10*I4)+(D10*I5)+(E10*I6)+(F10*I7)+(G10*I8)+(H10*I9)+(I10*I10)+(J10*111) 2824
Agricultural Dairy (B11*l3)+(G11*l4)+(D11*l5)+(E11*l6)+(Firi7)+(G11*l8)+(Hiri9)+(l11*l10)+(J11*l11) 23558
Total 22240888
Table 4.9 : Demonstrated calculation of output (final demand*Leontief) -
manipulated Leontief
Agriculture output that occurs as a result of purchases made by Food manufacturing sectors 
is reported in the three bottom columns, £173210 (meat processing relevant), £2262 (fruit 
and veg. processing relevant), and £23446 (Dairy relevant). Following equation 4, if this 
Agricultural output is added to the remaining Agricultural output in the Agriculture sector 
(first column) £182471 this equals £381876. This total Agricultural output answer is 
identical to that reported in the original input-output table (Table 4.1) as equation 4 shows 
should be the case. It is noticeable that for all other sectors output answers in Table 4.9 
also correspond with output reported in Table 4.1 (original I-O table). Therefore, equation 
5 holds.
It should be noted that the illustrative example above is developed from 1-0 table data not 
originally for Agriculture of Food manufacturing (identified when introducing Table 4.1), 
therefore the numbers may not be intuitive.
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A4.4 Discussion of the functioning of the model that results from the matrix 
manipulation technique and balancing
In a way the three new created sectors should not be thought of as separate sectors from the 
main Agriculture sector, they just allow estimation of Agricultural output that results from 
the relevant Food manufacturing processing sectors purchases to be estimated in isolation 
to the main Agriculture sector.
Going back to equation 4, if we imagine that the created Agricultural meat sector were 
commodity sector i, then total output of commodity sector i (Agricultural meat) is the sum 
of all its commodity sector sales to all other sectors (xÿ) + sales of commodity i 
(Agricultural meat) to final demand. It should be noted that for the three created sectors, 
there are no final demands for the sectors (Agricultural meat. Agricultural Dairy and 
Agricultural fruit and veg.) and in terms of sales to other sectors, the only sales that are 
present are the sales to their relevant processing sector e.g. Meat processing -  all others are 
0. Therefore, when the 1-0 model is run the only output that arises from the sector will be 
output that occurs as a result of Meat processing purchases in the Agriculture sector. 
Because the purchases (and therefore technical coefficient of the new sector) mirror the 
Agriculture sector, the continuing rounds of effects that result from output production in the 
sector will be identical to what they would if they had occurred in the Aggregated 
Agriculture sector (apart from when relevant food processing sectors make a purchase in 
the continuing rounds of effects).
When the model runs, the output resulting in the Agricultural meat sector will be identical 
to the level of output that would have occurred as a result of the relevant sales to meat 
processing from the original Agriculture sector of the 123 sector model, now present with a 
zero. Because this output arises in the separate sector (Agricultural meat), a GHG 
coefficient can be individually assigned when estimating GHGs arising from this output. 
This is why the three new sectors (Agricultural meat. Agricultural Dairy and Agricultural 
fruit and veg.) have different GHG coefficients to the aggregated Agriculture sector in the 
126 sector model as described in section 4.4.2 of Chapter 4. In reality, these are not new 
sectors, they are the same sector, it is just that Agricultural output that arises as a result of
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the relevant processing sectors purchases (Meat processing) occurs in separation to the 
Agriculture sector. In this way they can he termed as ‘mirror’ sectors . These mirror 
sectors allow a different GHG coefficient to be applied, not the aggregated Agriculture 
coefficient.
Because they are mirror sectors and have no final demands sales and only one sales value to 
one sector (which is subtracted from the aggregated Agriculture sector), the issue of 
imbalancing the table is not relevant in practical terms and this is seen when looking at 
multipliers and comparing model estimated output with output reported in the 1 - 0  table of 
4.1. Although this is so, from the point of view of an accounting statement, the mirror 
sectors if viewed as new ‘stand alone’ sectors in the 1-0 table (as shown in section 4.4.1 of 
Chapter 4) are not balanced. In reality however, they are not ‘stand alone’ sectors, they 
have only one sales value (sales to the relevant processing sector - which is subtracted from 
the aggregated Agriculture sector) in each row of the mirror sector, while the purchases 
column mirrors those of the original Agriculture sector (therefore purchases are much 
higher than sales).
But we know from this and the next section, that the right level of output is calculated using 
this method and that the mirror sectors only displace a portion of Agriculture sector output 
(that occurring as a result of meat processing purchases etc.) from the Agriculture sector, 
and this instead occurs separately in the mirror sector (Agricultural meat. Agricultural veg. 
and fruit, or Agricultural Dairy), where a different GHG coefficient can be applied specific 
to the type of Agricultural output being produced for purchase by relevant food 
manufacturing sectors.
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A4.5 Comparison of monetary output results for the actual 126 sector model with 
actual reported output of UK 1-0 tables for 2004.
In this section we demonstrate with our actual data used for the project that the 126 sector 
model estimates output in the correct way. We now identify in detail the specific tests and 
checks conducted.
The first test demonstrates that UK sector level monetary output is estimated correctly 
using the 126 sector model. The 126 sector model is run to calculate all output as a result 
of domestic UK final demand in 2004. We can check results with actual published UK 
output in 2004 for each sector. This shows that the model accurately estimates output in 
the sectors that it arises. The equation used is show below in 4.6, followed by the results 
in Table 4.10.
X =
T ~y"
1 y
1 '(I-A )-' y
1 y
1 _y_
(4.6)
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Sector M £ output from published 1 -0  tables. M £ output from 126 sector model
Agriculture, hunting and related service activities
Forestry, logging and related service activities
t  isnmg, opération ot iisn naicnencs ana iisn lanns; service acim iies inciuenlal 
to fishing
Mining o f  coal and lignite; extraction o f  peat
bxiraciion ot crude petroleum ana natural gas; service activities inciaeiuai to 
oil and gas extraction
Mining o f  metal ores
Other mining and quarrying 4409
Production, processing and preserving o f  meat and meat products 11762
Processing and preserving o f  fish and fish products; fiviit and vegetables 6617 6617
Vegetable and animal oils and fats 1598 1598
Dairy products 5879 5879
Grain mill products, starches and starch products 3272 3272
Prepared animal feeds 3317
Bread, rusks and biscuits; manufacture o f  pastry goods and cakes
Sugar
Cocoa; chocolate and sugar confectionery 3494 3494
Other food products 5156 5156
Alcoholic beverages 6182 6182
Production o f  mineral waters and soft drinks 3247
Tobacco products 1389
Preparation and spinning o f  textile fibres 419
Textile weaving
Fini-sliing o f  textiles
Made-up textile articles, except apparel
Carpets and rugs 772
Other textiles 1002
Knitted and crocheted fabrics and articles 875
Wearing apparel; dressing and dying o f  fur 3285
1 anning ana üressing ot learner; manulacture ot luggage, nanüOags, saaaieiy 
and harness 446 446
Footwear 260 260
Wood and w ood products, except furniture 6652 6652
Pulp, paper and paperboard 3087
Articles o f  paper and paperboard 8277 8277
Publishing, printing and reproduction o f  recorded media 25461 25461
Coke, refined petroleum products and nuclear fuel 17831 17831
Industrial gases, dyes and pigments 1718 1718
Other inorganic basic chemicals 1349
Other organic basic chemicals 6185
Fertilisers and nitrogen compounds 961
Plastics and synthetic rubber in primary forms 5217
Pesticides and other agro-chemical products 835 835
Paints, varnishes and similar coatings, printing ink and mastics 2702
Pharmaceuticals; medicinal chemicals and botanical products 11565
ï>oap ana ueiergenls, cleaning ana polisiung preparations, periumes ana toilet 
preparations 4890
Other chemical products , 4 1 4 0 .
Man-made fibres 669
Rubber products 2970 2970
Plastic products 16927 16927
Glass and glass products 2878 2878
Ceramic goods 1238 1238
Bricks, tiles and construction products, baked in clay 750 750
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Sector M £ output from published 1 -0  tables. M £ output from 126 sector m odel
Cement, lime and plaster 1059 1059
Articles o l concrete, plaster and cement, cuttmg, snaping and Iimsnmg o l 
stone; manufacture o f  other non-metallic products 6204 6204
Basic non and steel and o l terro-alloys; manulacture o l tubes and otner lirst 
processing o f  iron and steel 8620
Basic precious and non-ferrous metals 4219
Casting o f  metals
Structural metal products 7795
Tanks, reservoirs and containers o f  metal; manufacture o f  central heating 
radiators and boilers; manufacture o f  steam generators 1917
i-orging, pressing, siampmg ana rou lonnmg ot melai, powder metallurgy, 
treatment and coating o f  metals 8112 8112
Cutlery, tools and general hardware 1936 1936
Other fabricated metal products 5025
Macnmery lor me producUon and use ot mecbanieal power, except aircralt, 
vehicle and cycle engines
Other general purpose machinery
Agricultural and forestry machinery
Machine tools
Other special purpose machinery
Weapons and ammunition 2318
Domestic appliances not elsewhere classified 2757
Office machinery and computers 7359
biccu 1C luoiors, gcnciatois and iransionners; manulacture o l electricity 
distribution and control apparatus 5367
Insulated wire and cable
Electrical equipment not elsewhere classified 4935
Electronic valves and tubes and other electronic components 3168
Television and radio transmitters and line for telephony and line telegraphy 3841
i cicvision and radio receivers, sound or video recordmg or reproducing 
apparatus and associated goods
Medical, precision and optical instruments, watches and clocks
Motor vehicles, trailers arxl semi-trailers
Building and repairing o f  ships and boats 2774
Other transport equipment 2534
Aircraft and spacecraft 12720 12720
Furniture 8781
Jewellery and related articles; manufacture o f  musical instruments 689
Sports goods, games and toys
Miscellaneous manufacturing not elsewhere classified; recycling
Production and distribution o f  electricity
Gas; distribution o f  gaseous fuels through mains; steam and hot water supply
Collection, purification and distribution o f  water
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Sector M £ OQtpat from published 1 -0  tables. M£ output from 126 sector m odel
Construction
Sale, maintenance and repair o f  motor vehicles, and motor cycles; retail sale of
Wholesale trade and commission trade, except o f  motor vehicles and motor cy 109887
Retail trade, except o f  motor vehicles and motor cycles; repair o f  personal and 92928
Hotels and restaurants 82226
Transport via railways 7497
Other land transport; transport via pipelines 37364
Water transport 8559
Air Transport 14612
Siçporting and auxiliary transport activities; activities o f  travel agencies 46285
Post and courier activities 13902
Telecommunications 36612
Financial intermediation, except insurance and pension funding 82897
Insurance and pension funding, except compulsory social security 47672
Activities auxiliary to financial intermediation 21021
Real estate activities with own property; letting o f  own property, except dwell
Letting o f  dwellings, inchiding imputed rent
Real estate activities on a fee or contract basis
Renting o f  machinery and equipment without operator and o f  personal and hoi
Computer and related activities
Research and development 8192
Legal activities 22531
Accounting, book-keeping and auditing activities; tax consultancy 10211
Market research and public opinion polling; business and management consult;
Architectural and engineering activities and related technical consultancy; tech
Advertising 20811
Other business services 77071
Public administration and defence; compulsory social security 110902
Education
Human health and veterinary activities
Social work activities
Sewage and refuse disposal, sanitation and similar activities
Activities o f  membership organisations not elsewhere classified 8423
Recreational, cultural and sporting activities 51365
Other service activities 12599
Private households with employed persons
Agricultural m
Agricultural veg and fruit m
Agricultural Dairy na
2149091 2149091
Table 4.10: Results from test to check estimation of output for the 126 sector model 
with actual published Output from 1-0 tables.
At the bottom of Table 4.10, it can be seen that total estimated and reported output for 2004 
matches. In Table 4.10, if one adds the output of the four yellow sectors, then this equals 
the published figure for Agriculture in 1-0 tables. Once conducted, it can be seen that the 
126 sector model sector output matches reported UK sector output for all sectors.
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The second check is to view output from the perspective of being attributed to sector final 
demand. This is checked by comparing UK output attributable/allocated to total domestic 
final demand of each sector from the 126 sector model and then comparing with that using 
the 123 sector model, the following equation 4.7 is applied for both models.
X =
T 'y'
1 y
1 '( I -A )- ' y
1 y
1 _y_
(4.7)
Equations 4.7 is the same as equation 4.6, apart from the fact that a vector of Us allows one 
to view output from the perspective of £ output attributable to specific sector final demand 
(as opposed to looking at the output where it occurs equation 4.6).
If the 126 sector model is attributing/allocating output correctly to all sectors, then the 
output attributable to each sector (resulting from the equations above) should be identical 
for the 123 sector and 126 sector model. The models were run with the equations and the 
results are provided below in Table 4.11.
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Sector M £ output attributable to sector final demand -123 sector model M£ output attributable to sector final demand •  126 sector model
Agriculture, hunting and related service activities
Forestry, logging and related service activities 356 356
fismng, operation o l hsii natcnenes ana usli lanns; service activities incidental 
to fishii^ 818
Mining o f  coal and lignite; extraction o f  peat 165
Extraction ol cruae petroleum ana natural gas; service activities mciaentai to 
oil and gas extraction
Mining o f  metal ores
Other mining and quarrying
Production, processing and preserving o f  meat and meat products
Processing and preserving o f  fish and fish products; fruit and vegetables
Vegetable and animal oils and fats
Dairy products
Grain mill products, starches and starch products
Prepared animal feeds
Bread, rusks and biscuits; manufacture o f  pastry goods and cakes
Sugar 438 438
Cocoa; chocolate and sugar confectionery 3633 3633
Other food products 6277 . 6277
Alcoholic beverages 381
Production o f  mineral waters and soft drinks 4834 4834
Tobacco products 2382 2382
Preparation and spinning o f  textile fibres 382
Textile weaving 1010 1010
Finishing o f  textiles 1
Made-up textile articles, except apparel 2675
Carpets and rugs 957 957
Other textiles 1084
Knitted and crocheted fabrics and articles 1599 1599
Wearing apparel; dressing and dying o f  fur 5520 5520
iamung ana aressing oi icauier, manuiaciuie o i luggage, nanuoags, sauaiery 
and harness 512 512
Footwear 342
Wood and wood products, except furniture 2210
Pulp, paper and paperboard 2058
Articles o f  paper and paperboard 2834
Publishing, printing and reproduction o f  recorded media 15855
Coke, refined petroleum products and nuclear fuel 19311
Industrial gases, dyes and pigments 1051
Other inorganic basic chemicals 557
Other organic basic chemicals
Fertilisers and nitrogen compounds 234 234
Plastics and synthetic rubber in primary forms 3722 3722
Pesticides and other agro-chemical products 1078
Paints, varnishes and similar coatings, printing ink and mastics 1492
Pharmaceuticals, medicinal chemicals and botanical products 15617 15617
boap ana Ucleigenls, cieamng ana polisiung préparations, periumes ana toilet 
preparations 7141 7141
Other chemical products 6871 6871
Man-made fibres 983
Rubber products 3169
Plastic products 8955
Glass and glass products 1460
Ceramic goods 1149
Bricks, tiles and construction products, baked in clay 71
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Sector M £ output attributable to sector final demand -123 sector model M £ output attributable to sector final demand -1 2 6  sector model
Cement, lime and plaster
A nicies 01 concrete, piaster ana cement; cutting, snapmg ana imisnmg o i 
stone; manufacture o f  other non-metallic products
basic iron ana steel ana o l lerro-ailoys; manulacture o l tubes and otner lirsi 
processing o f  iron and steel
Basic precious and non-ferrous metals 3610
Casting o f  metals 26
Structural metal products 5805
Tanks, reservoirs and containers o f  metal; manufacture o f  central heating 
radiators and boilers; manufacture o f  steam generators 1101
forging, pressmg, stamping ana roil iomung ox metai; powaer metallurgy; 
treatment and coating o f  metals
Cutlery, tools and general hardware
Other fabricated metal products
Macnmery lor me production and use ol mectiamcal power, except aircralt, 
vehicle and cycle engines
Other general purpose machinery 14000
Agricultural and forestry machinery 2247
Machine tools 1614
Other special purpose machinery 8005
Weapons and ammunition 435 435
Domestic appliances not elsewhere classified 4135 4135
Office machinery and computers 7807
blcctric motors, generators and transiomiers, manulacture o i electricity 
distribution and control apparatus
Insulated wire and cable
Electrical equipment not elsewhere classified
Electronic valves and tubes and other electronic components
Television and radio transmitters and line for telephony and line telegraphy 6319
television and raaio receivers, sound or video recordmg or reproducmg 
apparatus and associated goods 4175
Medical, precision and optical instruments, watches and clocks 10212
Motor veliicles, trailers and semi-trailers
Building and repairing o f  ships and boats
Other transport equipment
Aircraft and spacecraft
Furniture
Jewellery and related articles; manufacture o f  musical instruments 393
Sports goods, games and toys 1589
Miscellaneous manufacturing not elsewhere classified; recycling 2705
Production and distribution o f  electricity
Gas; distribution o f  gaseous fuels through mains; steam and hot water supply 13389
Collection, purification and distribution o f  water 3954
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Sector M £ output from published 1 -0  tables. M£ output from 126 sector model
Construction 205015 205015
sale, maintenance ana repair o l nioior veiucies, ana motor cycles, reiau sale o 
automotive fuel 49445 49445
wnoiesaie trade and commission trade, except o l motor vemcies and motor
102293 102293
Retail trade, except oi motor vemcies and motor cycles; repair o l personal and 
household goods 147961 . 147961 •
Hotels and restaurants 139808 139808
Transport via railways 9552 9552
Other land t r a n s it ;  transport via pipelines 17647 17647
Water transport 12425 12425
Air Transport 14345 14345
Supporting and auxiliary transport activities; activities o f  travel agencies 7774 7774
Post and courier activities 1962 1962
Telecommimications
Financial intermediation, except insurance and pension funding 29800 29800
Insurance and pension funding, except compulsory social security 61290 61290
Activities auxiliary to financial intermediation 25884 25884
Real estate activities w itn ow n property, letting o i ow n property, except 
dwellings 193 193
Letting o f  dwellings, including imputed rent 132262 132262
Real estate activities on a fee or contract basis 7593
ReiUmg 01 niacliinery ana equipment wiiiiout operator and o i personal and 
housciiold goods 10269 10269
Computer and related activities 27060 27060
Research and development 7258 7258
Legal activities 9936 9936
Accounting, book-keeping and auditing activities; tax consultancy 1349 1349
Market reseaicli and puoüc opmion polling; business and management 
consultancy activities; management activities 2858 2858
/uciiiieeiuiai and engmeeruig aciiviiies and related leciuucai consultancy; 
technical testing and analysis 13672 13672
Advertising 3288 3288
Other business services 38274 38274
Public administration and defence; compulsory social security 187487 187487
Education 98488 98488
Human health and veterinary activities 132967 132967
Social work activities 58979 58979
Sewage and refuse diqwsal, sanitation and similar activities , ' 13496 13496
Activities o f  membership organisations not elsewhere classified 6606 6606
Recreational, cultural and sporting activities 62514 62514
Other service activities 14260 14260
Private households with employed persons 5050 5050
Agricultural na
Agricultural veg and fruit na 0
Agricultural Daily na
Total 2149091 2149091
Table 4.11: Results from test to check consistency of allocation of output for the 123
sector model and 126 sector model
Comparing results for each sector for the 123 sector model with the 126 sector model in
Table 4.2, it can be seen that output attributable to sector final demand for each sector of
the 126 sectors is identical to each comparable sector for the 123 sector model. Please note
that no output should be present in either of the three extra sectors as no final demands (for
which output is attributed to) are made in these mirror sectors. The totals at the bottom for
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both the 123 sector and the 126 sector model results are the same (and correspond with 
those of Table 4.1). The results identify that the models estimate total output attributable to 
domestic sector final demand identically and correctly in both models.
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Appendix 4.2 -  Supportive data and analysis
Key information on data used from Audsley et al (2009)
Table 1: Net UK imports, production and consumption of food commodities (2005).
All data in Table 1 are for food commodities (primary) entering the UK Food system, 
excluding animal feed. Palm oil however has some non food commodities included within 
its flows. Data relating to primary commodities for items such as wine, are laid out as 
tonnes of grapes, beer and whisky as barley etc.
Table 13: Greenhouse gas emissions (COze/kg) from the production of commodities 
in the UK, and the rest of the world (ROW) for direct UK consumption.
The table relates to emissions from primary production -  up to the Regional Distribution 
Centre (RDC). For the table it was noted that LCA values for feed crops such as feed 
wheat are not shown. These have already been used in the calculation of the LOI of animal 
products. So LCA values for meat products include emissions relating to livestock feed 
production. This means we have captured the GHGs attributable to agricultural production 
that occurs to feed UK animals produced for food.
Boundaries and the primary production definition:
With regards to boundary and definition, Audsley et al (2009) state that:
“Primary production is defined as all activities and emissions arising from commodity 
production up to and including arrival at the regional distribution centre (RDC).”
For most items, this was stated to he as raw commodities, although some processing was 
included for a few items e.g. bottled milk. It was clear from the relevant section of the 
report that few processing activities are included, which is good as this aligns with the 
economic definitions of Agriculture (processing is not included). It should be noted that 
estimates will include some transport emissions to the Regional Distribution Centre.
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Dr Donal Murphy-Bokem (an author of the report: How low can we go?) gave the 
following information on what a Regional Distribution Centre is:
“The RDC is a concept used by Cranfield. It enables data from different LCA studies to be 
compared. I see it as the point in the supply chain where the value of the farm product is 
realised in the market -  so for beef for example it is the value of the carcass. For liquid 
milk, the initial processing is included. This means that the transport from the farm to the 
processing is included in primary production, plus any preliminary processing essential to 
the commodity irrespective of its fate in the food chain.”
Boundaries in economic data:
Slaughtering is not counted in the Agriculture sector from SIC descriptions. It appears to 
be accounted for within the processing sector:
SIC 1511/1 Slaughtering of animals other than poultry and rabbits
Other boundary issues:
Page 8 , lineS of the Audsley et al (2009) states that the work:
“relates UK consumption to all direct and indirect emissions from the supply of food for 
UK consumption, both in the UK and overseas.”
Though this is stated, only a paragraph below (line 10 of the page) the broad objective of 
the work said to be:
“To compile a complete inventory of all UK food consumption from domestic production 
and imports, distribution and consumption, including direct greenhouse gas (GHG) 
emissions related to primary and post-primary production and indirect emissions resulting 
from Land Use and Land Use Change (LULUC) associated with this production.”
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From this more detailed statement it would appear that by using the GHGs estimated for 
primary production, we are generally only capturing the direct emissions from this phase. 
This is positive, as we do not want upstream indirect GHG emissions that occur before the 
Agriculture sector to be included.
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Appendix 6.2.1 -  Supportive data and analysis
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Appendix 6.2.3: Food waste for business 1 of the Camping and short stay 
accommodation sector, when food waste coefficients are aggregated to varying levels
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Figure 6.2.3: C&I waste for business 1 of the Retail-non specialised sector, when C&I 
waste coefficients are aggregated to varying levels
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Appendix 6.2.4 -  Supportive data and analysis
The combined impact of disaggregation of environmental and economic data of 
coefficients on emissions estimates from CLARE-direct
So far the impact of data disaggregation for and uj  on waste emissions estimates,
has only been looked at in isolation, (one variable at a time). Here the following 
question is addressed: how does disaggregation influence emissions estimates for
individual businesses, when altering f j  and uj  at the same time?
This shows the combined effect of changes in f  and u j at the same time and helps us
understand more fully the mechanisms of how changes in disaggregation of and uj  
actually feed through into changes in waste emissions estimates.
Table 6.2 shows two scenarios when both f  and uj  are changed at the same time. It
should be noted that although the maths for the example below is correct (and so could 
potentially happen in CLARE-direct), figures are not based on real data and should not 
be quoted else where.
Scenario to show the potential impact of multiplication of differences within CLARE-direct, when both 
average turnover per employee and average food waste per unit turnover change together
Turnover per 
em ployee ~ f j
Number of 
em ployees
Iurnover of the 
bu siness
Food w aste  
coefficient Uj
Estimated food w aste  of 
the b u sin ess
B usiness 1, 
disaggregation  
scenario 1 2 9 18 3 54
B usiness 1, 
disaggregation  
scenario 2 6 9 54 6 32 4
Fold change 
between 
disaggregation 
scenario 1 and 2 3 2 6
Table 6.2: Example to show the potential effect on food waste estimates when both 
t j and Uj are applied in CLARE-direct under different scenarios of disaggregation 
(Not real data and not to be quoted else where).
Here differences in food waste estimates, do not just occur from one variable {t j or uj )  
changing, but from both variables changing. From the bottom row of Table 6.2 above it
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can be seen that the fold changes^^^ of eolumns 3 and 2 (equal to 5 when added) do not 
add up to the fold change of eolumn 5, for which multiplication results in a total fold 
change of 6  (2 x 3) as opposed to 5 (2+3). A fold change of 1 means that there was no 
change, a fold change of 2  is equivalent to doubling the original figure, a fold ehange of 
3 is equivalent to trebling a figure ete. Multiplication of fold changes cannot occur 
when one variable is changed at one time (as only one fold change is observed), but it 
can occur if  two variables are changed at the same time.
A brief assessment of whether this (multiplication of fold changes) happens when 
applying changes in and uj  together at (the same time and at) different levels of
disaggregation is now conducted. So here, disaggregation of and uj  oecurs at the
same time, and both variables are run through the CLARE-direct model to produce 
estimates of C&I waste, and food waste. Table 6.3 below identifies the results that 
oeeurred when this was conducted.
A  fold change o f  1 would mean that there was no change, a fold change o f  2 is equivalent to doubling a figure, a fold change o f  
3 is equivalent to trebling a figure etc.
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Business details Summary of fold changes
Business Employee size 
band
Number of 
employees
uj individually f .  individually Direction of fold 
changes, the 
same for both
U / &  /  i
modelled at the 
same time
C&I waste for the Hotels and motels businesses
1 Oto 10 9 2.3 1.4 no 1.5
2 11 to 25 25 2.2 1.1 yes 2.4
5 250 + 400 3.2 1.2 no 2.5
C&I waste for the Camping and short stay accomodation businesses
1 Oto 10 9 1.7 2.3 no 1.3
C&I waste for the Restaurants businesses
1 Oto 10 9 3.2 1.7 no 1.9
2 11 to 25 25 3.5 1.1 no 2.7
C&I waste for the Bars businesses
1 Oto 10 9 1.0 1.6 yes 1.63
2 11 to 25 25 3.1 1.2 no 2.5
C&I waste for the Canteens and catering businesses
1 Oto 10 9 4.6 1.8 no 2.5
Food waste for the Hotels and motels businesses
1 Oto 10 9 5.5 1.4 no 4.0
2 11 to 25 25 1.6 1.3 yes 2.1
Food waste for the Camping and short stay accomodation businesses
1 Oto 10 9 1.1 1.8 no 1.6
Food waste for the Restaurants businesses
1 Oto 10 9 2.1 1.7 no 1.3
2 11 to 25 25 3.5 1.1 no 3.1
Food waste for the Bars businesses
1 Oto 10 9 1.9 1.7 no 1.1
2 11 to 25 25 3.8 1.3 no 3.0
Food waste for the Canteens and catering businesses
1 Oto 10 9 14.2 2.1 no 1 6.7
Table 6.3: Summary of fold changes when for /y  or uj  are applied individually
and when f j  and u ; are applied together, at different levels of disaggregation in
CLARE-direct.
In general fold changes presented here, are not drastically higher or lower than fold 
changes that oceur when f j  and uj  are tested individually, unlike our example in table 
6.2. There are however some exceptions.
Food waste of business 1 for the Canteens and catering seetor is one example, it ean be 
seen that that when f . and uj  are tested at the same time fold changes between 
estimates at the most disaggregated level and aggregated level are roughly half what 
they were when u j was tested on its own. The fact that fold changes go in different
directions (e.g. both directions) when uj  and f  j are tested individually is important in
determining this result, but also the fact that fold changes for both u j and f j  (when
tested individually) were quite high. It is clear from results that in order for fold
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changes to be substantially different when f  j  and uj  are modelled together, to when
modelled separately, fold changes have to be high (e.g. above 2 ) for both /  and uj  
individually^^^.
An analytical investigation of the mechanisms through which changes in disaggregation 
o f (/y a n d  Uj at the same time) feed through into changes of emissions estimates has
been examined. It was found that if  testing of aggregation effects for Uj and /  occurs
together (at the same time), a third multiplication effect (a mechanism) resulting from
aggregation effects in both u y and f . can occur. This later effect has the potential to
cause very large inflations or deflations in estimates produced from CLARE-direct. 
Results here for food waste however, indicate that most of the time, this effect does not 
have a significant effect. This finding is specific to food waste.
This was the case for business 2, o f  the Hotels and motels sector for C&I and food waste, and also for business 1 o f  the bars 
sector for C&I waste. For these latter businesses, if  you multiply the fold differences o f U y and f  j  individually, then this will
give you the fold changes when U y and f  j  are modelled together, as was the case for the example provided in table 2.
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Appendix 6.3.1 -  Supportive data and analysis
Results for Monte Carlo analysis of Hospitality businesses with 10 employees are now
looked at in Figure 6.3^^ .^
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Figure 6.3: Box and Whisker plots of the Monte Carlo simulations for each of the 
Hospitality businesses types with 10 employees.
For the Hotels and motels businesses with ten employees^^^ it is elear that the distanee 
between the lower and upper quartile (which contains 50% of all values) is lowest for 
businesses that are classified as Hotels and motels and Catering and Canteen businesses. 
Based on these simulations CLARE-direct (making use of mean values) has a greater 
probability of estimating close to the correct food waste estimate for these business 
categories. Therefore there is lower uncertainty associated with the use of mean values 
in CLARE-direct when estimating for these sub sectors. However we should check the
So sampling occurs from turnover per em ployee and waste per turnover estimates from the sam ple o f  businesses in the 
em ployee size band 0 - 1 0  em ployees for each sub sector.
With turnover per em ployee and waste per unit turnover sampled from businesses in the 1 to 10 em ploym ent size band.
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food waste estimates achieved when applying mean values are within the boxes. This is 
done in Table 6.3.
Sector Employment Food waste estimate for 
businesses (tonnes) 
when applying mean
Estimate is within 
the box of the box 
whisker plot
Median value 
from estimates 
of Monte Carlo
Hotels and Motels 10 1.7 No - iust outside 1.2
Camping and short 
stay accom odation 10 3.1 Y es 2.3
Restaurants 10 5.1 Y es 3.9
Bars ■ 10 4.6 Y es 3.5
Catering and 
can teen s 10 1.3 Y es 0.8
Table 6.3: Food waste estimate achieved with CLARE-direct, and median values
from the Monte Carlo simulation.
It can be seen from Table 6.3 that most values produced from CLARE-direct are within 
their constituent boxes (apart from the Hotels and motels business). Those o f the 
Hotels and motels businesses are only just outside the box. Estimates produced when
applying uj  and f j  in CLARE-direct are sometimes close to median values but
sometimes different. This is particularly the case for the Catering and canteens business
with 25 employees. Again this shows that the application of mean values {uj  and f j )
creates added uncertainty with regards to optimal waste estimation. Although this is 
so, overall results from Figure 6.3 indicate that in general fifty percent o f the time the 
application of mean values in CLARE-direct results in emissions estimates reasonably 
close to those that would have been attained if  mean values were not used for the 
different business types, given that the distance of the boxes is fairly short. Similar 
results were found for businesses in the 11 to 25 employee size band as seen below in 
Figure 6.4.
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Figure 6.4: Box and Whisker plots of the Monte Carlo simulations for each of the 
Hospitality business types with 25 employees (11 to 25 employee size band).
For the two Figures 6.3 and 6.4 the distanee between the lower and upper quartile 
(whieh contains 50% of all values) is lowest for Hotels and Motels, Camping and short 
stay accommodation, and Canteens and Catering. Table 6.4 below identifies estimates 
achieved when applying the mean values of CLARE-direct, and whether these are 
within their constituent boxes (of Figure 6.7).
Sector Employment Food waste estimate for 
businesses (tonnes) 
when applying mean
Estimate is within 
the box of the box 
whiskey plot
Median value 
from estimates 
of Monte Carlo
H otels and M otels 25 26.5 Y e s 18.3
Cam ping and short 
stay accom odation 25 13 Y e s 9 .3
R estaurants 25 39.1 Y e s 31.5
Bars 25 37.4 Y e s 3 0 6
Catering and  
c a n te en s 25 21 Y es 13
Table 6.4: Food waste estimate achieved with CLARE-direct, and median values
from the Monte Carlo simulation.
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All estimates of CLARE-direct in Table 6.4 are within their constituent boxes (of Figure
6.4)^ ^®. Some of food waste estimates from applying mean values are quite different to 
the median values from Monte Carlo simulations; again this highlights some of the 
issues in applying mean values. Interestingly, if  we compare food waste estimates 
(derived from mean values) modelled using 2 digit SIC data in CLARE-direct, as 
opposed to three digit SIC and size band data, the following is found.
Sector Employment Food waste estimate for 
businesses (tonnes) 
when applying mean 
values at 2 digit SIC
Estimate is within 
the box of the box 
whisker plot
Median value 
from estimates 
of Monte Carlo 
simulations
Hotels and Motels 25 12.8 Y es 18.3
Camping and short 
stay accom odation 25 12.8 Y es 9.3
Restaurants 25 12.8 no 31.5
Bars 25 12.8 no 30.6
Catering and 
can teen s 25 12.8 Y es 13
Table 6.5: Food waste estimate achieved with CLARE-direct using aggregated 
data, and median values from the Monte Carlo simulation.
It can be seen here that when more aggregated data are used in CLARE-direct (applying 
mean values), the estimates of food waste are very different to the median values for 
three of the sub sectors (particularly for restaurants and bars). For two o f these sub 
sectors, estimates from CLARE-direct (using mean values) are not within the box o f the 
box and whisker plot. This indicates that using more aggregated data for CLARE- 
direct can result in higher uncertainty associated with use of mean values in CLARE- 
direct estimation. Although the focus of this section in not on disaggregation, the latter 
result provides evidence of the increased uncertainty that is generated from applying 
aggregated data.
519
Appendix 6.6.1 -  Supportive data and analysis
Descriptives
Statistic Std. Error
CLARE-direct: Two digit 
data applied
Mean
95% Confidence Interval 
for Mean
5% Trimmed Mean
Median
Variance
Std. Deviation
Minimum
Maximum
R ange
Interquartile R ange
S k ew n ess
Kurtosis
Lower Bound 
Upper Bound
3.0102743E 2  
2 .8434909E 2  
3 .1770577E 2  
2 .5328995E 2  
2.2908589E 2  
7 2236 .459  
2.6876841 E2 
7.7687340E 1  
2 .0 0 9 4 7 1 7E3 
1.9317844E 3  
1.1591930E 2  
3 .593  
13.786
8.4992E 0
.077
.155
CLARE-direct: Three digit 
and em ployee size  band 
data applied
Mean
95% Confidence Interval 
for Mean
5% Trimmed Mean
Median
Variance
Std. Deviation
Minimum
Maximum
R ange
Interquartile R ange
S k ew n ess
Kurtosis
Lower Bound 
Upper Bound
4.6686682E 2  
4.4713781 E2 
4.8659583E 2  
4 .2749424E 2  
4 .0 727172E2  
101079 .123  
3 .1792943E 2
6.0709809E 1  
2.2526253E 3  
2.1919155E 3  
2 .9 0 9 3 7 1 7E2 
2.534  
8.688
1.0053E1
.077
.155
Appendix 6.6.1: Descriptive statistics for food waste when modelling at different 
levels of disaggregation with CLARE-direct for Hospitality businesses.
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Appendix 6.6.2 -  Supportive data and analysis
Descriptives
Statistic Std. Error
BWM_ Mean 505.9843 10.58827
95% Confidence Interval Lower Bound 485.2065
for Mean Upper Bound 526.7621
5% Trimmed Mean 466.1376
Median 442.7726
Variance 112111.563 .
Std. Deviation 334.83065
Minimum 60.23
Maximum 2697.76
Range 2637.52
Interquartile Range 299.38
Skewness 2.572 .077
Kurtosis 9.469 .155
CLAREdirect Mean 466.8668 10.05381
95% Confidence Interval Lower Bound 447.1378
for Mean Upper Bound 486.5958
5% Trimmed Mean 427.4942
Median 407.2717
Variance 101079.123
Std. Deviation 317.92943
Minimum 60.71
Maximum 2252.63
Range 2191.92
Interquartile Range 290.94
Skewness 2.534 .077
Kurtosis 8.688 .155
Appendix 6.6.2: Descriptive statistics for food waste when modelling at the 3 digit 
and employee size band level with the BWM model and CLARE-direct for the
Hospitality businesses.
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Descriptives
Statistic Std. Error
BWM Mean 1.072965E2 3.7328E0
95% Confidence Interval Lower Bound 9.997151E1
for Mean Upper Bound 1.146216E2
5% Trimmed Mean 8.437791 E1
Median 7.329360E1
Variance 13933.941
Std. Deviation 1.180421E2
Minimum 4.572000E1
Maximum 1.242400E3
Range 1.196680E3
Interquartile Range 2.950000E1
Skewness 4.249 .077
Kurtosis 20.470 .155
CLARE-direct Mean 9.752807E1 3.3929E0
95% Confidence Interval Lower Bound 9.087003E1
for Mean Upper Bound 1.041861E2
5% Trimmed Mean 7.613079E1
Median 6.863461 El
Variance 11511.789
Std. Deviation 1.072930E2
Minimum 4.599015E1
Maximum 9.597109E2
Range 9.137207E2
Interquartile Range 1.893163E1
Skewness 4.205 .077
Kurtosis 18.270 .155
Appendix 6.6.2: Descriptive statistics for food waste when modelling at the 3 digit 
and (where possible) employee size band level with the BWM model and CLARE- 
direet for the Food retail businesses.
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Appendix 6.6.3 -  Supportive data and analysis
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Figure 6.6.3: Results for food waste when modelling at the 2 digit and then 3 digit 
and sometimes employee size band level with the BWM.
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Appendix 6.7.1 -  Supportive data and analysis
Differences in estimation: CLARE-direct and the Business Waste Model for Food 
Retail.
The same analysis was performed for the Food retail sector, the only difference being 
that random sampling oeeurred from a different UK population of (food retail) 
businesses and hence different mean turnover per employee and mean waste per 
turnover or employee (food retail relevant) values were applied.
Food waste data used was three digit with no disaggregation to employee size bands, 
unlike Hospitality seetor data. Three digit and employee size band data was however 
available for turnover (similarly to the Hospitality seetor).
From the 1000 simulations, the following histogram was developed as seen in Figure 
6.7.1.
400
350
300
250
El BWM
D CLARE-direct
200
150
100
T o n n e s  o f  fo o d  w a s te
Figure 6.7.1: Results for food waste when modelling at the 3 digit and sometimes 
employee size band level (turnover per employee) with the BWM and CLARF-
direet.
Here at the three digit level the models estimate differently. It was found that on 
average for the total of all areas, the BWM model estimates at 10% higher than the 
CLARE-direet model. Of the 1000 areas, the BWM overestimated by between 10% and
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30% higher for 386 areas, and between 30% and 60% higher for 29 areas. The 
Wilcoxon matched pairs test was applied and identified that when looking at the 
difference between each pair o f estimates for the same area, (the value for CLARE 
direct -  the value from the BWM) only 37 positive ranks were produced as opposed to 
963 negative ranks. The P value of 0 for the test confirmed that the difference in 
median values from CLARE-direet and the BWM was significant and not down to 
chance. Again as with Hospitality, in general estimates for each area were higher when 
applying the BWM.
If we compare this histogram (Figure 6.7.1) with the histogram for the Hospitality 
sector in Figure 6.9 in the main doecument, it is clear that differences in tonnages 
between areas are generally less extreme for Food retail. The estimates in Figure 6.7.1 
are less dispersed, and more centred together^^\ The lower dispersion and variance for 
areas is seen by the fact that the inter quartile range and variance are both lower in the 
Food retail simulations (see Appendix 6.6.2).
Although this is so, the difference between the inter quartile range for the Food retail 
business simulations is quite different for CLARE-direct and the BWM (higher in the 
case of the BWM). The inter quartile range was 26 for the BWM and 16.5 for CLARE- 
direct. The lower value for CLARE-direct indicates that the middle 50% of values are 
quite a lot less dispersed when using CLARE-direct. This is a very interesting finding as 
the inter quartile range was very similar when comparing the two models for the 
Hospitality sector. This statistic therefore indicates that CLARE-direct does not only 
estimate differently to the BWM for food retail, but dispersion of estimates from the 
two models is quite different. One may ask why this is?
The Uj use exactly the same level of disaggregation and exactly the same waste dataset 
(for Figure 6.10), the difference is most likely to be attributed to the added resolution 
for turnover that the disaggregated /  of CLARE-direct enable above and beyond
The reason for this is likely to be because only a 3 digit U j  is used for all businesses, as opposed to the three different U j ’s
for employee size bands, used for each o f  the different Hospitality sub sectors. If more disaggregated environmental data were 
available, we may find that the results here do not hold. However, Dijkshoom (2009) from BRASS, has communicated (via email) 
that disaggregation o f  waste data for the Retail sector did not seem to matter much in their analysis for Cardiff. So it seems that 
results here may still hold i f  more disaggregated waste data was available.
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employee data. The potential for additional error, from application of two mean values 
(as opposed to one in the BWM) by CLARE-direct could however also play some role 
in the difference.
Dispersion is a lot lower with CLARE-direct. Assuming that CLARE-direct is a 
superior method this means that the BWM is more likely to produce area estimates that 
are more extreme. If similar findings were the case when estimating fuel use, then the 
methodology of King and Tsagatakis (2006) would magnify any emissions allocation 
errors that are generated in the fuel use modelling process. Findings for the BWM 
here, therefore potentially have wider implications to the methods of King and 
Tsagatakis (2006).
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Appendix 6.8.1 -  Supportive data and analysis
The same type of analysis conducted earlier in Table 6.4, and in Figures 6.11 and 6.12 
of the main document are provided here in this appendix for Food retail businesses. 
Results are presented in Table 6.8.1.
Food Retail
Business ty p e Em ployees M odel M odel
e s tim a te
(tonnes)
N um ber o f tim es  th e  
m odel e s tim a te  w as 
c lo ses t to  th e  
s im ula tion
P refered  m odel P refered  m odel 
e s tim a te , a s  a 
p e rc en tag e  o f  nex t 
b e s t m odel e s tim a te
Retail-non specialised  
business 1
10
CLARE 4 148
BMM 95
BWM 4 348
R etail-non specialised  
business 2
25
CLARE 7 376
CLARE 82
BWM 9 124
R etail-non specialised  
business 3
100
CLARE 26 410
CLARE 73
BWM 36 89
R etail-non specialised  
business 4
250
CLARE 66 378
CLARE 73
BWM 91 122
Retail o f food , b everages  and  
tobacco-spec ialised  business
10
CLARE 3 347
BWM 107
BWM 4 144
Retail o f food , b everages  and  
tobacco-spec ialised  business
25
CLARE 6 387
CLARE 61
BWM 9 112
Retail o f food , bev erag es  and 
tobacco-spec ialised  business
100
CLARE 20 408
CLARE 55
BWM 36 92
Retail o f  food , b everages  
a n d  tobacco-spec ia lised
250
CLARE 52 404
CLARE 57
BWM 91 96
Table 6.8.1: Comparison of food waste estimates of CLARE-direct and the BWM  
with each of the 500 individual Monte Carlo simulations for each business type.
Column 6  o f Table 6.8.1 indicates that (for the business types looked at, businesses 1, 2, 
3 and 4) CLARE-direct is the preferred estimation model for six of eight business types. 
The far right column of the table provides the preferred model estimate (CLARE-direet 
or the BWM) as a percentage of the next best model estimate. From looking at these 
percentages, it can be seen that when the BWM model tends to be the preferred model, 
differences between estimates of CLARE-direet and the BWM are marginal (less than 
10 percent difference in estimation). When CLARE is the preferred estimation model 
however, differences between the CLARE-direct and BWM emissions estimates is 
much more than marginal (e.g. more than 20% difference in estimation) for 5 of the 6  
business types.
Caution should be taken with these latter results as Monte Carlo simulations were 
developed based on using a quite aggregated (three digit SIC) mean emissions per unit 
turnover value as described in Chapter 4 section 4.2.1. Given that it has been seen that
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emissions per employee and per unit turnover can dramatically vary depending on 
disaggregation levels, the random numbers generated (using a Weibull distribution) 
from this mean value may not be very reflective of the emissions estimates that are 
likely to occurs in reality (for the 500 individual businesses). Although this may be the 
case, a member^^^ of the Centre for Business Relationships, Accountability, 
Sustainability and Society (BRASS) has communicated (via email) that disaggregation 
of waste data for the Retail sector did not seem to matter much in their analysis for 
Cardiff (Dijkshoom 2009). So it seems that results here may still hold even with the 
more aggregated data used in Monte Carlo simulations. This communication provides 
support to the validity of results presented in Table 6.8.1, but some caution should still 
be held.
At this point it is useful to look at the overall estimates (for all 500 Monte Carlo 
simulations for each business type) and compare these to the overall estimates achieved 
by the models, to confirm which is closer to the Monte Carlo simulation. This provides 
an indication as to whether the preferred model when assessing individual businesses 
estimates also holds to be the preferred model in overall estimation for groups of 
businesses of a specific type. Results for this analysis are presented in Figure 6.8.1.
Dijkshoom (2009). Personal communication between Jeroen Dijkshoom (BRASS) and Peter Bradley (University o f  Surrey) 
18/12/2009.
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Figure 6.8.1: Overall estimates (for all 500 Monte Carlo simulations for each 
business type) for food retail businesses.
In Figure 6.8.1 it can be seen that for 4 of the 8  business types, CLARE-direct generates 
total food waste estimates for the 500 businesses that are substantially closer to the
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totals for the Monte Carlo simulations. For the two business types for which Table 
6.8.1 identifies the BWM to be preferable, total estimates of the BWM in Figure 6.8.1 
are clearly closer to the totals for the 500 Monte Carlo simulations. For two of the 
business types both the BWM and CLARE-direct estimate practically identically.
These results indicate that CLARE-direct substantially improves estimation over the 
BWM for half o f the business types, and only inferior estimation to the BWM for two 
business types. If these results hold, then findings here demonstrate that CLARE-direct 
has improved assumptions over the BWM.
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Appendix 7.1 -  Supportive data and analysis
=
T
1 ^21^1
1 '( I - A ) - ' 3^1-^ 1
1
1
.(3.37)
Where:
is a vector of indirect output attributable to output of the Hospitality sector (sector
1);
xi is the output of the Hospitality sector.
ind _Xp -
T
1 ^21^1
1 ^31^1
1
1 _
.(3.38)
Where:
Jnd
is a vector of foreign output attributable to UK Hospitality sector output; 
B21 is the imports use coefficients matrix for imports from region p to region ;
293 please refer to the two region model in Jackson et al 2006 for more information;
531
p^d
T Pii^i
1 P21^ 1
1 Psi^i
1 P41^ 1
1 .Psi^i.
(3.39)
Where:
X pd is a veetor of foreign output attributable to UK Hospitality seetor direet imports;
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Appendix 7.2 -  Supportive data and analysis
O utput Multipliers in £m per £m (a ratio of attributable ou tpu t to  initial dem and)
Sector
no. Secto r
O utput
multiplier
Secto r
no. Sector
O utput
m ultiplier
6 O ther m ining inc metai 2.4 6 M ining o f metal ores 1.9
ores 7 O ther m ining and quarrying 2.3
9
Processing and preserving of fish and fish products; fru it and 
vegetables 2.4
12 Grain mili products, starches and starch products 2.4
O ther food products 2.3
13 Prepared animai feeds 2.6
11
14 Bread, rusks and biscuits; m anufacture o f pastry goods and cakes 2.2
16 Cocoa; chocolate and sugar confectionery 2.0
17 O ther food products 2.3
Drinks and tobacco 
products
18 A lcoholic beverages 2.2
12 2.2 19 Production o f m ineral w aters and soft drinks 2.6
20 Tobacco products 1.8
21 Preparation and spinning o f textile  fibres 1.9
22 Textile  weaving 1.9
23 Finishing of textiies 2.2
13 Textiies 2.1
24 M ade-up textile  articles, except apparel 2.2
25 Carpets and rugs 2.2
26 Other textiles 2.0
46 M an-m ade fibres 1.8
27 Knitted and crocheted fabrics and articles 1.9
15 Leather poducts 1.7 29
Tanning and dressing o f leather; m anufacture o f luggage, 
handbags, sadd lery and harness 1.8
30 Footwear 1.5
P aper products and 
publishing
32 Pulp, paper and paperboard 2.0
17 2.1 33 Artic les of paper and paperboard 2.4
34 Publishing, printing and reproduction o f recorded m edia 2.0
36 industria l gases, dyes and pigments 2.3
37 O ther inorganic basic chem ica ls 2.3
38 O ther organic basic chem ica ls 2.0
39 Fertilisers and nitrogen com pounds 2.6
40 Plastics and synthetic rubber in prim ary form s 2.1
41 Pesticides and other agro-chem icai products 1.9
19
Chem icai,rubber,p lastic 
prods
2.1
42 Paints, varnishes and sim ilar coatings, printing ink and m astics 2.4
43 Pharm aceuticals, m edicinal chem ica ls and botanical products 1.9
44
Soap and detergents, cleaning and polishing preparations, 
perfum es and toile t preparations 2.3
45 O ther chem ica l products 1.9
47 Rubber products 1.9
48 Plastic products 2.3
49 G lass and g lass products 2.1
50 C eram ic goods 2.0
20 Mineral products 2.1 51 Bricks, tiles and construction products, baked in clay 1.9
52 Cement, lim e and plaster 2.1
53
Artic les o f concrete, plaster and cem ent; cutting, shap ing and 
fin ish ing o f stone; m anufacture o f o ther non-m etallic products 2.1
56 Casting o f m etals 2.3
57 Structural m etal products 2.4
23 Metal products 2.1 58
Tanks, reservoirs and conta iners of metai; m anufactu re o f central 
heating radiators and boilers; m anufacture o f steam genera tors 2.0
59
Forging, pressing, stam ping and roll fo rm ing of metal; powder 
m etallurgy; trea tm ent and coating o f m eta ls 2.1
60 Cutlery, too ls and genera l hardware 1.7
61 O ther fabricated metai products 2.0
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Output Multipliers in £m per £m (a ratio of attributable output to initial demand)
Sector
no. Sector
Output
multiplier
Sector
no. Sector
Output
multiplier
62
M achinery fo r the production and use of m echanical power, except 
aircraft, vehicle and cycle engines 1.9
63 O ther general purpose m achinery 2.0
64 Agricultural and forestry machinery 2.1
65 M achine tools 1.8
66 Other special purpose machinery 2.1
24 Machinery & equipm ent 1.9 67 W eapons and am m unition 2.1nec 68 Dom estic appliances not elsewhere c lassified 2.0
70
Electric motors, generators and transform ers; m anufacture of 
electricity distribution and control apparatus 2.0
71 Insulated w ire and cable 1.8
72 Electrical equipm ent not elsewhere classified 2.0
76 Medical, precision and optical instrum ents, watches and clocks 1.8
81 Furniture 2.3
25 Manufactured products 2.2 82 Jewellery and related articles; m anufacture of m usical instrum ents 2.0
nec 83 Sports goods, gam es and toys 1.9
84 M iscellaneous m anufacturing not elsewhere classified; recycling 2.4
69 O ffice m achinery and com puters 1.7
73 Electronic valves and tubes and other electronic com ponents 1.9
26 Electronic equim ent 1.9
74
Television and radio transm itters and line fo r te lephony and line 
telegraphy 1.8
75
Television and radio receivers, sound or video recording or 
reproducing apparatus and associated goods 2.1
78 Build ing and repairing o f ships and boats 2.1
28 Transport equipm ent nec 1.9 79 O ther transport equipm ent 2.6
80 Aircraft and spacecraft 1.7
93 Transport v ia railways 2.4
33 Transport nec (rail etc) 2.1 94 O ther land transport; transport via pipelines 2.0
97
Supporting and auxiliary transport activities; activities o f travel 
agencies 2.3
89
Sale, m aintenance and repair o f m otor vehicles, and m otor cycles; 
retail sale o f autom otive fuel 2.0
36 Trade 2.0 90
W holesale trade and com m ission trade, except o f m otor vehicles 
and m otor cycles 2.1
91
Retail trade, except of m otor vehicles and m otor cycles; repair of 
personal and household goods 1.7
92 Hotels and restaurants 2.0
37 Telecom s, post & courier 1.8 98 Post and courie r activities 1.8
99 Telecom m unications 1.9
100 Financial in term ediation, except insurance and pension funding 1.6
38 Financial services nec 1.7 102 Activities auxiliary to financial in term ediation 1.9
110 Accounting, book-keeping and auditing activities; tax consultancy 1.5
103
Real estate activities w ith own property; letting o f own property, 
except dwellings 1.7
104 Letting o f dwellings, including imputed rent 1.3
105 Real estate activities on a fee or contract basis 1.5
106
Renting o f m achinery and equipm ent w ithout operator and of 
personal and household goods 1.9
107 Com puter and related activities 1.8
40 Business services nec 1.6 108 Research and developm ent 1.8
109 Legal activities 1.6
111
M arket research and public opinion polling; business and 
m anagem ent consultancy activities; m anagem ent activities 1.9
112
Architectural and eng ineering activities and related technical 
consultancy; technical testing and analysis 1.8
113 Advertising 1.8
114 O ther business services 1.8
41 Recreation and other 1.9 121 Recreational, cultural and sporting activities 1.9
services 122 O ther service activities 2.0
115 Public adm inistration and defence; com pulsory social security 2.1
116 Education 1.5
42 Public admin, defense, 1.8 117 Human health and veterinary activities 1.8
educn 118 Social w ork activities 2.2
119 Sewage and refuse disposal, sanitation and sim ilar activities 2.0
120 Activities o f m embership organisations not elsewhere classified 1.5
119 S e w a g e  a n d  re fu se  d isp o sa l, san ita tio n  an d  sim ilar activ ities
120 A ctivities of m em b ersh ip  o rg an isa tio n s  no t e ls e w h e re  c la ssified 0 .0 0 0 2
Key:
[ 7r..~ " V jsigifies tha t output multiplier is more than double tha t of tha t of its aggregated equivallent
Appendix 7.2: Output multipliers of each of the 122 sectors and equivalent from 
the 42 sector model 
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Appendix 7.3 -  Supportive data and analysis
G H G  M u ltip lie rs  in M illio n s o f  T o n n e s  C 0 2  e  p e r  £ m  (a  ra tio  o f  e m b o d ie d  G H G s to  In itia l d e m a n d )
S e c to r  n o . GH G
M u ltip lie r
S e c to r  n o . GHG
M u ltip lie r
6 O th e r m ining inc m eta l o re s 0 .0 0 1 0 6 Mining of m eta l o re s 0 .0 2 1 4
7 O th e r  m ining an d  quarry ing 0 .0 0 1 6
11 O th e r food  p ro d u c ts 0 .0 0 1 0 9 P ro c e s s in g  a n d  p re se rv in g  o f f is h  an d  fish p ro d u c ts ; fruit an d  v e g e ta b le s 0 .0 0 1 2
12 G rain  mill p ro d u c ts , s ta r c h e s  a n d  s ta rc h  p ro d u c ts 0 .0 0 1 4
13 P re p a re d  an im al fe e d s 0 .0 0 1 4
14 B read , ru sk s  a n d  b iscu its; m a n u fa c tu re  o f p as try  g o o d s  a n d  c a k e s 0 .0 0 0 9
16 C o co a ; c h o c o la te  a n d  s u g a r  con fec tionery 0 .0 0 0 6
17 O th e r food  p ro d u c ts 0 .0 0 1 0
12 D rinks a n d  to b a c c o  p ro d u c ts 0 .0 0 0 7 18 A lcoholic b e v e ra g e s 0 .0 0 0 7
19 P roduction  o f m inera i w a te rs  a n d  soft d rinks 0 .0 0 0 9
20 T o b a c c o  p ro d u c ts 0 .0 0 0 6
13 T extiles 0 .0 0 0 9 21 P rep a ra tio n  a n d  sp inn ing  o f tex tile  fib res 0 .0 0 0 8
22 Textile w eav in g 0 .0 0 0 8
23 F in ish ing  of tex tiles 0 .0011
24 M ad e-u p  textile a rtic les , e x c e p t ap p a re l 0 .0 0 0 9
25 C a rp e ts  an d  ru g s 0 .0 0 0 8
26 O th e r  tex tiles 0 .0 0 0 9
46 M an -m ad e  fib res 0 .0 0 1 4
27 K nitted a n d  c ro c h e te d  fab rics  a n d  a rtic les 0 .0 0 0 7
15 L ea th e r  p o d u c ts 0 .0 0 0 3 29 T an n in g  a n d  d re s s in g  of lea ther; m an u fa c tu re  o f lu g g ag e , h a n d b a g s ,  sa d d le ry  an d  
h a m e s s 0 .0 0 0 4
30 F o o tw ea r 0 .0 0 0 2
17 P a p e r  p ro d u c ts  a n d  publish ing 0 .0006 32 Pulp, p a p e r  a n d  p a p e rb o a rd
33 A rtic les of p a p e r  an d  p a p e rb o a rd 0 .0011
34 P ub lish ing , printing an d  rep roduction  o f reco rd ed  m ed ia 0 .0 0 0 5
19 C h em ica l,ru b b e r,p la s tic  p ro d s 0 .0 0 0 9 36 Industria l g a s e s ,  d y e s  a n d  p ig m en ts m m
37 O th e r  Inorganic  b a s ic  ch e m ic a ls
38 O th e r  o rg an ic  b a s ic  c h e m ic a ls 0 .0 0 1 5
39 F ertilise rs  an d  n itrogen  co m p o u n d s 0 .0 0 5 9
4 0 P la s tic s  a n d  sy n th e tic  ru b b e r  in prim ary  fo rm s 0 .0 0 1 0
41 P e s tic id e s  an d  o th e r  a g ro -ch em ica l p ro d u c ts 0 .0 0 0 9
4 2 P a in ts , v a rn ish e s  an d  s im ila r co a tin g s , printing ink a n d  m a s tic s 0 .0 0 0 7
4 3 P h a rm a c e u tic a ls , m ed icinal ch e m ic a ls  a n d  b o tan ica l p ro d u c ts 0 .0 0 0 4
4 4 S o a p  a n d  d e te rg e n ts ,  c lean in g  a n d  polish ing  p re p a ra tio n s , p e rfu m e s  an d  toile t 
p re p a ra tio n s 0 .0 0 0 6
4 5 O th e r  c h em ica l p ro d u c ts 0 .0 0 0 5
4 7 R u b b e r  p ro d u c ts 0 .0 0 0 8
4 8 P la s tic  p ro d u c ts 0 .0 0 0 9
20 M ineral p ro d u c ts 0 .0019 49 G la s s  an d  g la s s  p ro d u c ts 0 .0 0 1 4
50 C e ra m ic  g o o d s 0 .0 0 1 0
51 B ricks, tiles  a n d  co n stru c tio n  p ro d u c ts , b a k e d  in c lay 0 .0 0 1 8
52 C e m e n t, lim e a n d  p la s te r [
53 A rtic les of c o n c re te , p la s te r  a n d  c e m e n t; cu tting , sh a p in g  an d  finishing o f s to n e ; 
m a n u fa c tu re  o f  o th e r  non -m eta llic  p ro d u c ts 0 .0 0 1 3
23 M etal p ro d u c ts 0 .0 0 0 9 56 C a s tin g  o f m e ta ls 0 .0 0 1 5
57 S tru c tu ra l m e ta l p ro d u c ts 0 .0 0 1 2
58 T an k s , re se rv o irs  an d  c o n ta in e rs  of m etal; m a n u fa c tu re  of c e n tra l h e a tin g  rad ia to rs  
a n d  boilers; m an u fac tu re  o f s te a m  g e n e ra to rs 0 .0 0 0 7
59 Forg ing , p re ss in g , s ta m p in g  a n d  roll fo rm ing o f m etal; p o w d er m etallu rgy; tre a tm e n t 
a n d  co a tin g  o f m e ta ls 0 .0 0 1 0
60 C utlery , too ls  a n d  g e n e ra l h a rd w are 0 .0 0 0 6
61 O th e r  fab r ic a te d  m e ta l p ro d u c ts 0 .0 0 0 8
535
GHG M ultip liers in M illion s o f  T o n n e s  C 0 2  e  p er  Em (a ratio o f  e m b o d ie d  G H G s to  in itial d em a n d )
S e c to r  no . GHG
M ultiplier  
(Type 1)
S e c to r  no . S e c to r GHG
M ultiplier  
(Type 1)
24 M achinery  & e q u ip m e n t nec 0 .0 0 0 5 62 M achinery  for th e  production  an d  u s e  o f m e c h a n ic a l pow er, e x c e p t a ircraft, veh icle  
an d  cycle  e n g in e s 0 .0005
63 O th e r  g e n e ra l p u rp o se  m ach in ery 0 .0006
64 A gricultural a n d  fo restry  m aoh inery 0 .0005
65 M aohine too ls 0 .0005
66 O th e r  sp ec ia l p u rp o se  m ach in ery 0 .0 0 0 6
67 W e a p o n s  a n d  am m unition 0 .0 0 0 5
68 D o m estic  a p p lia n c e s  n o t e ls e w h e re  c lassified 0 .0005
70 E lectric  m o to rs , g e n e ra to rs  a n d  tran sfo rm ers ; m a n u fa c tu re  of e lectric ity  distribution 
a n d  contro l a p p a ra tu s 0 .0005
71 In su la ted  w ire a n d  ca b le 0 .0004
72 Electrical e q u ip m e n t n o t e ls e w h e re  c lassified 0 .0 0 0 5
76 M edical, p rec is ion  a n d  optical In stru m en ts , w a tc h e s  an d  c locks 0 .0004
2 5 M an ufac tu red  p ro d u c ts  n e c 0 .0008 81 Furn iture 0 .0008
82 Jew elle ry  a n d  re la ted  artic les; m an u fa c tu re  o f m u s ica l in s tru m en ts 0 .0008
8 3 S p o rts  g o o d s , g a m e s  a n d  toys 0 .0 0 0 7
84 M isce llan eo u s m anufac tu ring  not e ls e w h e re  c lassified ; recycling 0 .0009
2 6 E lectron ic  e q u im e n t 0 .0003 69 O ffice m ach in e ry  an d  c o m p u te rs 0 .0002
73 E lec tron ic  v a lv es  an d  tu b e s  a n d  o th e r  e lec tro n ic  c o m p o n e n ts 0 .0 0 0 4
74 T elev ision  an d  radio tran sm itte rs  a n d  line for te lep h o n y  a n d  line te leg rap h y 0 .0 0 0 3
75 T elev ision  an d  radio rece iv e rs , so u n d  o r  v ideo  reco rd ing  o r rep ro d u cin g  a p p a ra tu s  
a n d  a s s o c ia te d  g o o d s 0 .0003
28 T ran sp o rt e q u ip m en t n e c 0 .0 0 0 4 78 Building a n d  repairing  o f sh ip s  an d  b o a ts 0 .0 0 0 6
79 O th e r  tra n sp o rt e q u ip m en t 0 .0006
80 A ircraft a n d  s p a c e c ra f t 0 .0 0 0 4
33 T ran sp o rt n eo  (rail e tc) 0 .0 0 0 7 93 T ran sp o rt via railw ays 0 .0 0 0 7
94 O th e r  land  tran sp o rt; tra n sp o rt via p ipe lines 0 .0011
97 S upp o rtin g  a n d  auxiliary tra n sp o rt activ ities; ac tiv ities o f trave l a g e n c ie s 0 .0 0 0 3
36 0 .0 0 0 4 89 S a le , m a in te n a n c e  a n d  rep a ir o f m o to r v eh ic les , an d  m o to r cy c le s; retail s a le  of 
au to m o tiv e  fuel 0 .0004
90 W h o le sa le  tra d e  an d  c o m m iss io n  t ra d e , ex c e p t o f  m o to r v eh ic le s  a n d  m o to r  cy c le s
0 .0 0 0 4
91 R etail trad e , e x c e p t of m o to r v eh ic le s  an d  m o to r cy c le s ; rep a ir  o f p e rso n a l an d  
h o u se h o ld  g o o d s 0 .0 0 0 3
92 H ote ls an d  re s ta u ra n ts 0 .0 0 0 5
37 T e le c o m s, p o s t & cou rie r 0 .0003 98 P o s t a n d  co u rie r  activ ities 0 .0 0 0 4
99 T e leco m m u n ica tio n s 0 .0 0 0 3
38 Financial se rv ic e s  n e c 0 .0002 100 F inancial in te rm ed ia tion , ex c e p t in su ra n c e  an d  p e n s io n  funding 0.0001
102 A ctivities auxiliary to  financial in te rm ed ia tion 0 .0 0 0 3
110 A coounting , bo o k -k eep in g  an d  auditing  activ ities; ta x  co n su lta n c y 0 .0002
4 0 B u s in e s s  se rv ic e s  n e c 0 .0002 103 R eal e s ta te  ac tiv ities with own property ; letting o f ow n p roperty , e x c e p t dw ellings
0 .0002
104 Letting of dw ellings, including im pu ted  ren t 0 .0001
105 R eal e s ta te  activ ities on a  fe e  o r  co n tra c t b a s is 0 .0001
106 R en ting  of m ach in e ry  a n d  e q u ip m e n t w ithout o p e ra to r  a n d  o f p e rso n a l an d  h o u se h o ld
..........O SP04
107 C o m p u te r  a n d  re la ted  activ ities 0 .0 0 0 2
108 R e s e a rc h  a n d  d e v e lo p m e n t E O.tfQQS
109 Legal activ ities 0 .0001
111 M arket r e s e a rc h  an d  pub lic  op in ion  polling; b u s in e s s  an d  m a n a g e m e n t c o n su lta n c y  
activ ities; m a n a g e m e n t activ ities 0 .0 0 0 2
112 A rch itec tu ra l a n d  en g in ee rin g  ac tiv ities a n d  re la te d  te ch n ica l co n su ltan cy ; te ch n ica l 
te s tin g  a n d  an a ly s is 0 .0 0 0 2
113 A dvertising 0 .0 0 0 3
114 O th e r  b u s in e s s  se rv ic e s 0 .0002
41 R ecrea tio n  a n d  o th e r  se rv ic e s 0 .0002 121 R ec rea tio n a l, cu ltural a n d  sp o rtin g  activ ities
0 .0 0 0 3
122 O th e r  s e rv ic e  activ ities 0 .0 0 0 3
42 Public  adm in , d e fe n se , ed u cn 0 .0 0 0 4 115 Pub lic  adm in is tra tion  a n d  d e fe n c e ; co m p u lso ry  so c ia l secu rity 0 .0 0 0 4
116 E duca tion 0 .0 0 0 2
117 H um an  hea lth  an d  ve te rin a ry  activ ities 0 .0 0 0 3
118 S o cia l w ork activ ities 0 .0 0 0 3
119 S e w a g e  a n d  re fu se  d isp o sa l, san ita tio n  a n d  sim ila r activ ities L . . . .. o # . 4
120 A ctivities of m e m b e rsh ip  o rg a n isa tio n s  n o t e ls e w h e re  c la ssified  | g  ooo2
119 S e w a g e  an d  re fu se  d isp o sa l, san ita tio n  an d  sim ilar activ ities
120 Activities of m e m b e rsh ip  o rg a n isa tio n s  n o t e ls e w h e re  c lassified 0 .0 0 0 2
Key:
^sigillés that output multiplier is more than double th a t of tha t of its aggregated equivallent
Appendix7.4: GHG multipliers generated from both the 42 sector results and the 
122 sector results 
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Appendix 8.1 -  Supportive data and analysis
Relevant coeffic ients for other products
Products type
C&I W aste (to n n es) per £M Food w a s te  (to n n es) per  
£Million
W ater u se  (M eters cubed)  
oer £m illion
Fish p rod u cts 32 1 1573780
O ils and fa ts 113 30 14225
Fish and fresh  fruit and v eg . 138 30 120876
Food not e lse w h e r e  c la ssif ie d 148 61 19466
Tobacco (exc pipes lighters etc)
30 0 1829 .
Appendix 8.1: Remaining water use, C&I and food waste coefficients
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